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Units  organized  to  teach  the  Key  Concepts  of  science 
SCIENCE  FOR  TOMORROW'S  WORLD,  BOOK  3,  is  built  on  the  10  Key  Con- 
cepts of  science  that  are  described  on  pages  12—18  in  the  Teachers'  Guide. 
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/ Some  of  the  Specific  Concepts 

/ 1.  We  learn  by  asking  questions.  Scientists  find 

out  by  asking  questions  (pages  2,  4,  6,  8-10, 12-19, 

24,  26,  and  27). 

I 2.  We  can  find  the  answers  to  some  questions  by 
I doing  experiments.  Scientists  find  answers  to  ques- 
i tions  by  doing  experiments  (pages  6,  7,  13,  15,  16, 

20-22,  and  24-26). 

/ 3.  There  are  various  sources  that  can  be  used  to 

\ find  answers  to  questions  (pages  8-12  and  23-27). 

I 4.  Scientists  are  investigating  many  different  kinds 
I of  questions  (pages  13,  14, 17-19,  24,  and  27). 

5.  Scientists  may  have  to  do  many  experiments 
before  they  find  the  answers  to  their  questions 
(pages  15,  21,  and  24). 

6.  Individual  scientists  make  discoveries  that  lead 
to  the  advancement  of  science  (pages  17,  19,  20, 

\ 21,  and  24). 

Lessons,  activities,  and  illustrations  that  teach 

pupils  to  think  and  work  using  the  ways 
of  the  scientist 

SCIENCE  FOR  TOMORROW'S  WORLD,  BOOK  3,  provides  numerous  insights 
into  the  ways  in  which  scientists  think  and  work.  Unit  1,  for  example,  teaches 
the  pupils  to  work  out  problems  by: 

Questioning  (pages  2-6, 12-14, 19,  21,  23-24,  26-27) 

Observing  (pages  8, 16) 

Experimenting  (pages  6-7, 15-16,  20-22,  24) 

Comparing  (pages  6-7, 16,  22) 

For  more  special  features, 
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Measuring  (pages  6-7,  22) 

Classifying  (page  8) 

Selecting  sources  of  information  (pages  9-12, 14, 19,  23-24,  26) 
Communicating  (pages  6, 10, 14-15, 17, 19,  24,  26) 
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Events  in  the  natural  en- 
vironment happen  in  an 
orderly  rather  than  a hap- 
hazard way;  man  searches 
for  laws  to  explain  this 
order  by  observing,  hy- 
pothesizing, checking  his 
ideas,  and  rejecting  those 
which  do  not  square  with 
reality. 
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Key  Concept  1.  Events  in  the  nat- 
ural environment  happen  in  an 
orderly  rather  than  a haphazard 
way;  man  searches  for  laws  to 
explain  this  order  by  observing, 
hypothesizing,  checking  his  ideas, 
and  rejecting  those  which  do  not 
square  with  reality. 

CONCEPTS: 

1.  We  learn  by  asking  questions. 
Scientists  find  out  by  asking  ques- 
tions. 

2.  We  can  find  the  answers  to 
some  questions  by  doing  experi- 
ments. Scientists  find  answers  to 
questions  by  doing  experiments. 

3.  There  are  various  sources  that 
can  be  used  to  find  answers  to 
questions. 

4.  Scientists  are  investigating  many 
different  kinds  of  questions. 

5.  Scientists  may  have  to  do  many 
experiments  before  they  find  the 
answers  to  their  questions. 

6.  Individual  scientists  make  dis- 
coveries that  lead  to  the  advance- 
ment of  science. 
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=>=  Finding  direction  Examining  the  structure  of  a Reading  to  find  oni 

by  using  a compass  flower  with  a magnifying  glass 


PROCESSES: 


1 

0'^“''  conc^nir  ;.;;o --r  ."^de^  ''LQamh'g;  'e 

in  each  les-a;r  n^jr-r'  in  th^  'teaching  S:  ^ ^ 

Being  Curious 


What  You  Will  Find  Out 


Scientists  are  curious  about  the  world.  So  are 
boys  and  girls.  You  will  learn  to  use  some  of 
the  scientist’s  ways  to  help  you  answer 
questions  and  find  out  about  the  world. 


Questioning — Pages  2,  3,  4,  5, 
6,  12,  14,  23. 

Experimenting — 6,  7,  16,  22. 
Comparing — 6,  7. 

Measuring — 6,  7. 

Classifying — 8. 

Selecting  sources  of  informa- 
tion— 10, 12. 

Communicating — 15,  27. 
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TEACHING  SUGGESTIONS 

(p.  2) 


Background:  Introduce  the  unit  in  a 
way  that  stimulates  the  curiosity 
of  the  children  and  encourages 
them  to  ask  questions. 

You  might  try  placing  a cardboard 
box,  containing  an  ice  cube  in  a 
glass,  on  your  desk,  before  the 
children  come  into  the  room.  On 
the  side  of  the  box  print  DO  NOT 
OPEN  and  place  it  where  the  chil- 
dren can  see  the  sign.  Periodically 
peek  into  the  box,  then  look  at 
the  clock  in  a puzzled  fashion.  Do 
this  until  pupils  ask  questions 
about  what  is  in  the  box. 

Let  the  children  ask  questions 
about  the  contents  of  the  box 
until  they  have  guessed  correctly. 
Then  help  the  children  analyze  the 
kinds  of  information  that  helped 
them  guess;  i.e.,  in  formation 
about  properties  of  the  object  — 
its  weight,  volume,  temperature, 
state,  etc. 

The  answer  to  the  last  question  is 
that  the  baby  may  have  learned 
something  about  how  an  object 
relates  to  the  space  it  occupies, 
and  about  the  relativity  of  that 
relationship.  Discuss  with  pupils 
their  own  experiences  in  relating 
objects  to  space  (watching  parents 
park  a car,  rearranging  contents  of 
desk  to  make  things  fit,  working 
jigsaw  puzzles).  Ask  what  things 
they  look  for  to  make  things  fit. 


Being  curious  helps  you  learn  about 
the  world  in  which  you  live.  When  you 
are  curious,  you  often  ask  questions. 
This  book  will  show  you  how  to  find 
answers  to  some  of  your  questions. 

How  Does  Being  Curious 
Help  You  to  Learn? 

Babies  are  curious.  Almost  every  hour  of 
every  day  they  are  learning  something. 
How  much  have  you  learned  since  you  were 
born?  There  are  so  many  things  that  you 
have  learned  that  you  could  fill  many 
pages  of  notes  with  them. 

Look  at  the  first  picture  on  the  next  page. 
There  is  a toy  outside  the  baby’s  playpen. 

The  baby  wants  to  play  with  the  toy. 
How  will  he  get  it  into  his  playpen?  On 
the  next  page  you  see  one  way  he  might  try. 

That  way  does  not  work.  He  will  try 
again.  This  time  he  turns  the  toy  around. 

Now  the  toy  fits  through  the  bars.  What 
has  the  baby  learned? 


He  has  learned  what  position  the  doll  must  be  in  before  he  can  get  it 
between  the  bars. 
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Pupils  with  infant  brothers  or  sisters  may  try  handing 
a baby  its  bottle  upside  down,  or  showing  the  baby  a 
toy  that  the  infant  is  attracted  to  and  then  hiding  the 
toy  (to  see  if  the  infant  knows  it  still  exists),  or  putting 
a toy  on  a cushion,  so  that  it  can  be  reached  only  by 
pulling  the  cushion  closer.  Origins  of  Intelligence  in 
by  Piaget,  offers  many  more  activities.  Chil- 
dren will  enjoy  doing  them,  and  the  babies  will  benefit 
from  the  stimulation.  Children  will  learn  a great  deal 
about  how  man  begins  to  find  out  about  his  environ- 
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TEACHING  SUGGESTIONS 
(pp.  3-5) 

@ LESSON:  How  does  being  curious 
help  you  to  learn? 

Background:  Psychologists  today 
think  that  intelligence  grows  as 
infants  carry  out  transactions 
upon  objects  in  the  environment. 
Through  encounters  such  as  the 
one  pictured  here,  infants  learn 
about  the  world  of  space,  time, 
matter,  and  causality.  Besides 
spatial  relationships,  discuss  with 
children  properties  of  the  toy  the 
baby  discovers  by  playing  in  this 
fashion.  Include  compressibility. 
See  Origins  of  Intelligence  in  Chil- 
dren, by  Piaget. 

Learnings  to  Be  Developed: 

Babies  and  animals  are  curious. 

Because  they  are  curious  they  try 
to  find  things  out. 

They  find  things  out  by  trying  to 
do  them  in  several  different  ways. 

Developing  the  Lesson:  Ask  the  chil- 
dren to  list  some  of  the  things 
they  have  learned  since  they  were 
born. 

• What  have  you  learned  about 
your  family  and  friends? 

•What  have  you  learned  about 
the  world  we  live  in? 

•What  kind  of  things  have  you 
learned  in  school? 


These  and  other  questions  should 
help  children  see  that  they  have 
been  acquiring  learning  at  a re- 
markable rate. 

In  answering  the  question,  "What 
has  the  baby  learned?"  the  chil- 
dren should  also  consider  the  fol- 
lowing; 

The  next  time  the  baby  tries  to 
get  its  toy  inside  the  playpen, 
will  it  be  successful  on  the  first 
trial? 

How  many  times  will  it  have  to 
repeat  the  trial-and-error  process 
until  it  has  learned  to  do  it  on 
the  first  try? 

Have  children  recall  their  own  ex- 
periences in  learning  some  skill 
as  a basis  for  answering  these 
questions. 

Ask  children  to  tell  about  some- 
thing they  have  learned  recently 
where,  like  the  baby  in  the  picture, 
they  used  the  "trial-and-error" 
method. 

Children  can  begin  to  understand 
the  learning  process  by  observing 
small  babies. 

How  many  children  have  baby 
brothers  or  sisters? 

Have  you  ever  noticed  how  the 
babies  in  your  family  learn? 

What  kinds  of  things  are  they 
learning?  (Creeping,  walking, 
pouring  liquids,  eating  with  a 
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The  way  the  baby  learned  is  the  same 
way  that  you  learned  when  you  were  a baby. 
You  tried  something  one  way.  If  that  way 
did  not  work,  you  tried  another  way.  Soon 
you  learned  that  some  things  will  work  only 
one  way.  You  learned  that  other  things 
will  work  many  ways.  You  also  learned 
that  some  things  will  not  work  any  way 
at  all. 

Being  curious  can  often  help  babies  to 
learn.  The  baby  was  curious  about  the 
toy.  Being  curious  helped  him  to  learn  how 
to  get  the  toy  into  his  playpen. 

Being  curious  can  also  help  animals  to 
learn.  Have  you  ever  given  a puppy  a new 
toy?  Does  he  snilf  it,  paw  it,  or  lick  it? 
Why  do  you  think  the  puppy  does  this? 

The  monkey  in  the  picture  is  hungry. 
He  sees  a banana.  What  will  he  do  first? 

What  does  he  do  next? 

What  is  the  monkey  learning? 

Babies  and  animals  cannot  think  out 
questions  in  words.  But  you  can.  Good 
questions  help  you  to  find  out  things  that 
are  important  to  know. 


spoon,  stacking  blocks,  opening 
doors  and  drawers.) 

Much  of  a baby's  learning  grows 
out  of  his  curiosity. 

Are  babies  curious  about  all 
things?  (No.) 

What  things  seem  to  stimulate  a 
young  baby's  curiosity  most? 
(Novelty,  intensity  of  stimulus.) 

Why  do  babies  show  curiosity  in 
different  things  as  they  get  older? 
(As  they  gain  more  experience, 
their  range  of  interest  increases.) 

When  do  babies  show  curiosity 
in  things  such  as  ice  cream  and 
cookies  even  though  they  can- 
not see  them?  (When  they  have 
learned  the  meaning  of  the 
sounds  that  produce  the  word. 
The  spoken  word  can  then  be 
substituted,  as  a stimulus,  for  the 
actual  physical  thing.) 

When  you  are  discussing  the  ques- 
tions about  the  monkey,  it  would 
be  well  to  mention  the  role  that 
animals  have  played  in  contribu- 
ting to  our  knowledge  of  learning. 

Much  of  what  is  known  about  the 
elementary  processes  of  learning 
has  been  discovered  by  studying 
the  behavior  of  animals  in  prob- 
lem-solving situations.  Many  learn- 
ing experiments  with  such  animals 
as  pigeons  and  rats  have  been 
conducted  by  psychologists. 


TEACHING  SUGGESTIONS 

(pp.  6-7) 


• LESSON:  How  do  you  learn? 

Background:  Children's  questions 
about  insects  are  usually  designed 
to  elicit  specific  information. 
Third-grade  children  are  most 
likely  to  ask  questions  about  phys- 
ical characteristics.  "How  many 
legs  does  it  have?"  "Can  it  fly?" 
"What  is  the  name  of  this  insect?" 
"Where  are  its  eyes?"  "Does  it 
have  feelers?"  Many  questions  like 
these  may  be  answered  by  direct 
observation  of  the  specimen.  En- 
courage such  observations  and 
provide  the  opportunity  for  chil- 
dren to  report  on  them  to  the 
class. 

Learnings  to  Be  Developed: 

Good  questions  can  help  you  find 
things  out. 

You  can  find  out  some  things  by 
trying  out  your  ideas. 

Developing  the  Lesson:  Have  children 
recall  how  the  baby  and  the  mon- 
key solved  their  problems. 

• Why  did  they  use  the  methods 
they  did?  (Read  the  last  para- 
graph on  page  4 as  one  answer 
to  this  question,  and  use  it  as  a 
transition  to  this  lesson.) 

Emphasize  that  the  ability  to  ask 
questions  makes  it  possible  to 
learn  many  things  beyond  what 
we  can  immediately  experience. 
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Sometimes,  the  questions  you  ask  may 
lead  to  other  questions.  Then  you  may  learn 
more.  What  if  you  saw  an  insect  crawling 
on  a tree?  You  could  ask,  “What  is  that?” 
Someone  might  say,  “It’s  a lady  bug.”  Then 
you  would  know  what  it  is,  but  you  would 
still  have  a lot  to  find  out.  The  answer  to 
such  a question  leads  to  other  questions. 
You  could  then  ask  a question  such  as, 
“How  can  the  lady  bug  know  which  way  to 
crawl?”  Such  a question  would  help  you  to 
learn  more. 

Are  you  curious  about  things?  Do  you 
ask  your  parents  or  teachers  about  these 
things?  Do  you  ever  try  to  find  out  on  your 
own?  How  do  you  go  about  finding  out  on 
your  own? 

Mary’s  teacher  told  her  class  that  it  is 
easier  to  lift  things  in  water  than  in  air. 
Mary  was  curious  about  this.  She  asked, 
“If  you  lift  something  in  water,  won’t  it 
weigh  more,  because  water  is  pushing  down 
on  it?”  Mary  asked  her  teacher,  “Is  it 
easier  to  lift  a rock  in  water  than  in  air?” 
The  teacher  asked  how  Mary  could  find  out. 


Mary  thought  for  a moment.  ‘‘Let  us  try 
lifting  a rock  in  air  and  then  lifting  the 
same  rock  in  water.  We  can  find  out  which 
way  the  rock  feels  lighter.’’ 

While  a pupil  filled  the  classroom  sink 
with  water,  Mary  went  outside  and  found  a 
rock  that  felt  heavy  to  her.  When  she  got 
back,  she  put  the  rock  in  the  bottom  of  the 
sink  of  water.  Next,  she  tried  to  lift  the  rock. 

It  felt  lighter.  But  why  did  it  feel  lighter? 

Are  you  curious?  How  could  you  find  out? 

* Emphasize  the  importance  of  trying  things  out  for  ourseives  in  order  to  be  sure.  This 
is  the  scientist’s  way. 


At  this  point  you  might  discuss 
the  three  kinds  of  questions  that 
we  usually  ask  about  something 
we  do  not  understand.  For  ex- 
ample, you  might  talk  about  a 
musical  top.  If  one  has  never  seen 
a musical  top  before,  his  first 
question  would  probably  be, 
“What  is  it?”  Once  he  is  told  or 
finds  out  what  it  is,  he  may  then 
ask,  "How  does  it  work?”  After 
he  gets  an  answer  to  this  ques- 
tion, and  if  he  has  sustained  curi- 
osity, he  might  ask,  "Why  does  it 
work  that  way?” 

Have  one  or  more  members  of 
the  class  repeat  Mary's  experi- 
ment using  different  materials  and 
different  depths  of  water.  Rather 
than  referring  to  weights  as  heav- 
ier or  lighter,  have  the  children 
measure  the  objects  by  using  a 
thin  rubber  band  as  follows.  Tie 
a string  tightly  around  the  rock 
or  other  object,  and  loop  the 
other  end  of  the  string  through 
one  end  of  the  rubber  band.  Hold- 
ing the  free  end  of  the  rubber 
band,  suspend  the  rock  in  air  and 
measure  the  stretch  of  the  band. 
Next  immerse  the  rock  completely 
in  water  and  remeasure  the 
stretch. 

What  can  we  learn  about  the 
weights  by  comparing  the 
stretches? 


\CH!NG  SUGGESTIONS 
(pp.  8-11) 

• LESSON:  How  Can  you  find  an- 
swers? 

Learnings  to  Be  Developed: 

Good  sources  of  information  can 
be  used  to  find  the  answers  to 
some  questions. 

There  are  ways  of  telling  when  a 
source  of  information  is  a good 
one. 

Developing  the  Lesson:  Introduce  the 
lesson  by  discussing  the  conver- 
sation between  Bob  and  his  father 
regarding  the  ostrich. 

‘ Why  did  Bob  find  it  difficult  to 
accept  the  idea  that  an  ostrich 
was  a bird?  (Its  size  and  inability 
to  fly.) 

* Do  you  know  of  other  birds  that 
do  not  fly?  (Penguin,  rhea,  cas- 
sowary, kiwi.) 

° What  are  some  characteristics  of 
the  ostrich  that  might  identify 
it  as  a bird?  (Birds  are  distin- 
guished from  all  other  animals 
by  their  feathers.) 

' Is  the  ostrich  an  animal?  If  so, 
how  can  it  also  be  a bird? 

Write  the  following  questions  on 
the  chalkboard  and  ask  the  chil- 
dren which  ones  they  can  answer. 
Then  ask  them  how  sure  they  are 
about  the  answers.  This  should 


Just  being  curious  is  not  enough.  You 
must  do  something  when  you  are  curious. 
You  must  try  to  find  the  answers.  You 
often  find  out  by  asking  more  questions,  or 
by  trying  things  out. 


Bob  and  his  father  are  visiting  a zoo. 
They  see  an  ostrich. 

“What  a big  bird!”  says  Bob’s  father. 
Bob  wonders,  “Are  ostriches  really 
birds?  They  do  not  seem  to  fly,  as  other 
birds  do.  Can  an  ostrich  be  an  ostrich, 
and  also  a bird?” 

Bob  is  curious.  What  can  Bob  do? 
If  you  were  Bob,  how  would  you  find  the 
answers  to  these  questions  about  ostriches? 
How  would  you  check  your  answers? 


How  Can  You  Find 
the  Answers? 

There  are  some  questions  to  which  you 
already  know  the  answers.  But  to  answer 
other  questions,  you  may  have  to  try  things 
out. 

There  are  many  ways  to  find  answers  to 
your  questions.  To  answer  most  questions, 
you  need  a source.  A source  is  anything 
that  helps  you  find  answers  to  questions. 

Here  are  some  sources  that  can  help  you 
find  answers  to  your  questions.  In  what  ways 
can  you  use  these  sources  to  find  answers? 


lead  to  a discussion  of  different 
sources  of  information. 

1.  What  is  soundi* 

2.  How  old  are  you? 

3.  Will  fire  burn  you? 

4.  How  old  is  earth? 

5.  Is  a whale  a fish? 

6.  What  is  a grasshopper? 

7.  Why  does  the  weather  change? 

8.  How  do  you  feel  when  you 
have  a cold? 

After  discussing  the  textual  mate- 
rial on  sources  of  information,  ask 
the  pupils  which  sources  they 
would  use  to  verify  their  answers 
to  the  above  questions. 

Initiate  a discussion  based  on  the 
sources  illustrated.  Elicit  children's 
responses  about  where  they  would 
find  such  sources. 

Which  are  likely  to  be  found  at 
school? 

Which  might  be  found  at  home? 

What  places  In  the  community 
might  have  such  sources? 

How  might  sources  found  in 
these  places  be  used? 

If  you  have  a school  librarian, 
this  would  be  a good  time  to 
have  her  talk  to  the  children 
about  the  library  as  a source  of 
information.  You  or  she  might  in- 


troduce  the  encyclopedia  as  a 
source.  Tell  about  the  kinds  of 
information  found  in  it  and  who 
writes  it.  Emphasize  the  fact  that 
each  article  is  written  by  a person 
who  knows  a great  deal  about  his 
subject. 

To  judge  the  value  of  a source  it 
is  necessary  to  establish  certain 
criteria  as  the  basis  for  making 
judgments.  Elicit  children's  ideas 
about  the  kind  of  training  and  ex- 
perience necessary  for  a person 
to  be  considered  an  acceptable 
source. 

Any  of  the  sources  cited  on  page 
10  might  provide  the  answer  to 
the  question  about  butterflies. 
The  chances  are  that  the  most 
authoritative  answer  would  come 
from  the  museum.  If  the  children 
select  this  source  as  most  promis- 
ing, ask  them  why  they  have  made 
this  choice.  Their  reasons  should 
be  consistent  with  their  criteria. 

To  help  the  children  appreciate 
the  fact  that  the  answers  to  some 
questions  cannot  be  found  by  go- 
ing to  a source,  ask  them  how 
they  would  find  the  answers  to 
such  questions  as  these: 

How  many  different  kinds  of  in- 
sects are  there  in  my  garden? 


'/OU:  ' ■ fc  ■ 


/; 


museum  ^ r ^ ‘ 

tench  .r. 


How  do  the  third  graders  in  our 
school  feel  about  studying 
science? 
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Some  sources  are  good  sources.  A person 
who  knows  much  about  something  is  a good 
source.  When  that  person  writes  what  he 
knows,  his  writings  are  a good  source.  Good 
sources  help  you  find  answers. 

A girl  in  the  third  grade  wondered  how 
a caterpillar  turns  into  a butterfly.  What 
do  you  think  would  be  the  best  way  for  her 
to  find  out? 

1.  Should  she  go  to  the  school  library  to 
find  some  books  about  butterflies? 

2.  Should  she  write  a letter  to  a museum 
of  natural  history?  The  people  there  know 
much  about  animals. 

3.  Should  she  ask  a science  teacher? 

These  sources  are  all  good  sources.  The 
girl  is  likely  to  get  a correct  answer  to  her 
question  from  any  of  them.  But  which 
is  the  best  source  for  her  to  use?  Why? 

As  you  study  science,  you  will  learn  to 
find  more  answers  by  yourself.  If  you  cannot 
find  out  by  yourself,  you  can  use  a good 
source.  If  that  source  cannot  help,  you  may 
have  to  look  for  another  source. 


How  far  is  it  from  my  house  to 
school? 


Have  them  add  other  such  ques- 
tions to  the  list. 

Impress  children  with  the  fact  that 
sometimes  it  is  quite  difficult  to 
find  a good  source  for  the  infor- 
mation you  are  seeking.  Librarians 
are  experts  in  locating  good 
sources. 

In  the  late  spring  caterpillars  may 
be  collected  and  observed  as  they 
develop  into  moths  or  butterflies. 

Background:  Caterpillars  are  only 
one  stage  in  the  life  cycle  of  a 
moth  or  butterfly.  The  eggs  laid 
by  an  adult  moth  hatch  into 
caterpillars,  which  are  called  lar- 
vae. The  caterpillars  eat  a great 
deal  and  grow  rapidly.  When  they 
reach  a certain  size,  they  go  into 
the  pupal  or  cocoon  stage.  Dur- 
ing the  pupal  stage,  there  are  cer- 
tain cells  inside  the  caterpillar 
that  begin  to  grow  and  divide.  In 
order  to  grow  they  consume  the 
caterpillar.  From  this  cell  growth 
and  division  the  adult  butterfly 
develops.  Thus  the  pupal  stage  of 
insects  such  as  the  butterfly  is 
something  like  a chicken  egg  in 
which  the  little  chick  develops. 
One  principal  difference  is  that 
the  chick  continues  to  grow  after 
it  hatches,  while  the  butterfly 
emerges  from  the  cocoon  as  a 
full-grown  adult. 


(p.  12) 

LESSON:  How  Can  we  find  the 
answers  to  our  questions? 

Learnings  to  Be  Developed:  There  are 
many  ways  to  arrive  at  the  answers 
to  our  questions. 

Developing  the  Lesson:  Introduce  this 
page  by  first  asking  the  children 
how  the  two  pictures  are  alike, 
and  then  how  they  are  different. 
When  they  discover  that  the  lower 
picture  shows  the  same  scene 
two  hours  later,  ask  what  has 
changed  during  that  two-hour 
period.  This  should  lead  them  to 
the  question:  "Why  has  the  Big 
Dipper  changed  its  position?" 

Here  is  a good  opportunity  for 
the  children  to  hypothesize.  Ask 
them  what  they  think  the  answer 
is,  and  how  they  arrived  at  their 
answers. 

What  happens  to  the  apparent 
position  of  your  desk  as  you 
walk  across  the  room? 

What  happens  to  the  apparent 
position  of  objects  as  you  ob- 
serve them  from  a whirling 
merry-go-round? 

In  answering  the  question  regard- 
ing sources  to  be  used,  begin  with 
those  listed  on  page  9. 


Here  are  two  pictures  of  the  sky  at 
night.  Can  you  tell  how  the  two  pictures 
are  different?  Can  you  think  of  some 
good  questions  that  will  help  you  to  learn 
more  about  what  is  happening  in  the 
pictures?  Try  to  find  answers  to  your 
questions.  What  sources  will  you  use? 


Enct/o/opHo/as.  '■ooi:s,  my  ‘ ch‘^drer). 


to  Learn? 


Scientists  ask  many  questions  about  the 
world.  Scientists  try  to  find  out  as  much  as 
they  can  about  the  world. 

Today’s  scientists  have  many  questions. 
They  want  to  know  how  to  keep  people 
from  getting  sick.  They  want  to  know  how 
plants  and  animals  can  live  far  away  from 
the  earth.  They  want  to  know  what  the 
smallest  thing  in  the  world  is.  They  want 
to  know  more  about  the  earth.  These  are 
only  a few  of  the  many  things  today’s 
scientists  are  trying  to  learn  about. 


(pp.  13-14) 

LESSON:  What  questions  do  sci- 
entists ask? 

Background:  Scientists  claim  that 
one  of  their  most  difficult  tasks  is 
asking  the  right  questions.  Even 
though  they  know  the  nature  of 
the  problem  they  are  working  on, 
specific  questions  must  be  de- 
fined which,  when  answered,  will 
yield  the  information  needed  to 
solve  the  problem.  A good  ex- 
ample of  this  is  the  matter  of  life 
on  the  planet  Mars,  in  order  to 
solve  the  problem,  scientists  ask 
such  questions  as:  Is  there  oxygen 
on  Mars?  Is  there  water  there? 
How  hot  and  how  cold  does  it 
get?  To  ask  the  right  questions, 
one  must  first  have  a good  under- 
standing of  the  problem. 

Throughout  their  work  in  science, 
children  should  be  encouraged  to 
ask  questions  related  to  the  topics 
or  problems  they  are  studying. 
Skill  in  asking  good  questions 
will  help  them  to  become  self- 
directed  in  their  learning. 

As  sources,  children  may  suggest 
doctors,  scientists,  engineers,  mu- 
seum staffs,  selected  government 
agencies,  books,  magazines,  or 
films.  Each  of  these  sources  may 
be  considered  useful  for  identi- 
fying questions  about  our  world. 


13 


m uiiiiuiy  lui  uu^nuic  uii,  many  niniya  nave  uvcn  icai  ucu  auuui  me 

bottom  of  the  ocean. 


Learnings  to  Be  Developed: 

Scientists  ask  questions  about 
many  things  they  do  not  under- 
stand. 

Scientists  perform  experiments  to 
find  answers  to  many  of  their 
questions. 

It  takes  a long  time  for  scientists 
to  find  the  answers  to  some  of 
these  questions.  There  are  many 
questions  for  which  scientists 
have  not  yet  found  the  answers. 

Developing  the  Lesson: 

• How  do  you  know  the  man  in 
the  picture  on  page  13  is  a 
scientist? 

• What  is  the  name  of  the  place 
in  which  a scientist  works? 

Write  the  word  "laboratory"  on 
the  chalkboard  to  show  that  the 
basic  part  of  it  is  "labor,"  or 
"work,"  thus  a place  where  scien- 
tists work. 

Is  a laboratory  the  only  place 
where  scientists  work? 

Emphasize  the  fact  that  scientists 
spend  much  of  their  working  time 
in  libraries  with  sources  of  infor- 
mation related  to  their  problems. 
They  also  spend  a good  deal  of 
time  in  their  offices  or  study  rooms 
working  on  their  problems  and 
possible  solutions. 


1.  What  is  it  like  far  down  in  the  earth? 

2.  Why  do  some  animals  live  better  in 
one  place  than  in  another  place? 

3.  When  did  people  first  start  living  on 
the  earth? 

4.  How  do  green  plants  make  food? 


You  can  find  out  some  of  the  other 

questions  that  today’s  scientists  are  asking. 

What  good  sources  can  you  use  to  find  out? 

Check  local  TV  programs  to  see  if  and  when  scientists  will  appear. 

Also,  write  to  the  program  director  of  your  local 

station. 


USING  THE  SCIENTIST’S  WAY 


Try  to  list  four  questions  that  today’s 
scientists  are  asking  about  the  world.  You 
can  use  many  good  sources  to  find  these 
questions. 

One  boy  did  this.  He  looked  in  some 
newspapers  and  magazines.  He  listened  to 
scientists  talking  on  the  radio  and  on 
television.  He  learned  that  today’s 
scientists  are  asking  questions  such  as 
these: 


How  Do  Scientists  Find 
the  Answers? 

Scientists  have  many  ways  to  find  the 
answers  to  their  questions.  One  way  is  to 
do  an  experiment  (ik-SPEHR-uh-ment).  An 
experiment  is  a way  of  looking  for  an  answer 
by  trying  things  out. 

Scientists  start  an  experiment  by  trying 
to  guess  the  answer.  The  experiment  shows 
whether  the  guess  is  right  or  not. 

Scientists  always  try  to  be  very  careful 
when  doing  an  experiment.  They  may  do 
the  same  experiment  again  and  again  to  be 
sure  that  they  get  the  same  answer  each 
time.  Then,  when  they  think  they  have  the 
right  answer,  they  tell  about  it  in  scientific 
papers  and  magazines.  Other  scientists  can 
then  read  about  the  experiment  and  try  it. 

Sometimes,  the  scientists  find  that  the 
answer  is  not  right.  If  this  happens,  they 
will  have  to  try  other  experiments  to 
find  the  right  answer.  It  may  take  many 
experiments  until  the  scientists  find  the 
right  answer. 


t[;ac!:sng  suggestions 

(pp.  15-16) 


Hypothesizing  is  the  scien- 
tist’s way. 


Telling  others  about  results  of 
experiments  is  the  scientist’s 
way. 


• LESSON:  What  is  an  experiment? 

Developing  the  Lesson:  Write  the 
word  "experiment"  on  the  chalk- 
board, and  add  the  children's 
ideas  about  the  word. 

What  does  the  word  mean  to 
you? 

• Why  do  scientists  do  experi- 
ments? 

How  do  they  start  an  experi- 
ment? 

• How  is  an  experiment  different 
from  finding  the  answer  in  a 
book? 

Why  do  scientists  do  the  same 
experiment  several  times? 

• What  do  they  do  once  they  are 
sure  about  the  results  of  their 
experiment? 

Follow-Up:  Ask  children  to  find  pic- 
tures of  scientists  in  different 
fields,  and  make  a bulletin  board 
display  of  scientists  at  work  in 
many  places.  Discuss  the  tools 
they  may  use  to  do  their  jobs. 
Talk  about  the  places  they  must 
go  to  find  answers  to  their  ques- 
tions. Point  out  that  they  all  share 
a great  adventure— the  search  for 
more  knowledge  about  the  world 
in  which  we  live. 
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ADDITIONAL  ACTIVITIES: 

Children  frequently  notice  shad- 
ows, but  may  not  be  aware  that 
shadows  change.  Take  the  class  to 
the  playground  on  a sunny  day, 
make  a big  circle,  and  select  one 
child  to  stand  in  the  middle. 
Measure  the  shadow.  Repeat  this 
activity  with  the  same  child  early 
in  the  morning,  about  noontime, 
and  just  before  dismissal  in  the 
afternoon,  comparing  the  lengths 
of  the  shadows  made  at  different 
times.  Children  will  notice  that 
the  noontime  shadow  is  shortest, 
while  those  made  early  and  late 
in  the  school  day  are  somewhat 
longer.  This  effect  will  be  most 
evident  in  the  winter  months. 
They  may  also  notice  that  the 
direction  of  the  shadow  changes. 
Changes  in  length  and  direction 
of  shadows  are  caused  by  the  ap- 
parent motions  of  the  sun  across 
the  sky. 

Background:  If  you  have  green 
plants  in  the  room  near  a win- 
dow, ask  the  children  to  observe 
the  direction  in  which  the  plants 
bend.  When  it  is  established  that 
they  bend  toward  the  light,  the 
children  are  ready  to  consider  the 
questions  and  carry  out  the  ex- 
periment. 

For  the  experiment  on  page  16, 
plant  rye  grass  or  wheat  seed.  Both 
of  these  plants  will  grow  rapidly. 


Plants  bend  toward  light.  Do  you 
think  it  is  the  stem  that  bends  toward 
the  light?  Or  do  you  think  that  it  is  the 
tip  of  the  plant  that  bends  toward  the 
hght?  Make  a guess.  Write  down  your 
guess.  Then  write  down  why  you  made 
that  guess.  Next,  do  an  experiment. 

You  can  plant  some  grass  seeds  to  learn 
the  answer.  When  the  grass  has  grown, 
put  a few  shoots  in  separate  pots.  Cover 
the  tips  of  the  grass  in  one  pot.  What 
happens  to  the  covered  grass?  What 
happens  to  the  other  grass?  Make  notes 
of  what  you  see.  What  does  the  experiment 
show?  Was  your  guess  right?  How  can 
you  check  the  answer  you  get  from  your 
experiment? 


What  If  a Scientist  Finds 
a New  Answer? 

When  a scientist  is  the  first  one  to  find 
the  answer  to  a question,  the  answer  that 
he  finds  is  called  a discovery.  Scientists 
are  making  discoveries  every  day  in  all 
parts  of  the  world.  Every  time  a discovery  is 
made,  it  helps  all  of  the  other  scientists.  It 
helps  them  to  know  more  about  the  world. 

Scientists  have  already  made  very  many 
discoveries  about  the  world.  Scientists 
have  discovered  how  to  see  many  faraway 
stars  in  the  sky.  Scientists  have  discovered 
much  about  the  first  plants  and  animals 
on  earth.  Scientists  have  discovered  how  to 
grow  better  food  plants  such  as  corn,  wheat, 
and  potatoes.  They  have  discovered  how 
to  stop  some  sicknesses.  Scientists  have 
made  many  discoveries,  but  there  are  still 
many  more  to  be  made.  What  discoveries  do 
you  think  scientists  will  make  in  your 
lifetime?  Do  you  think  that  someday  a 
way  will  be  found  to  keep  all  people  from 
getting  colds? 


(pp.  17-19) 


LESSON:  How  do  Scientific  dis- 
coveries affect  our  knowledge? 

Background:  Many  of  the  discover- 
ies made  in  the  past  decade  of 
space  exploration  have  found 
wide  appplication  in  everyday 
life.  Transistors,  ceramic  kitchen- 
ware, miniaturization  of  various 
equipment,  and  other  processes 
and  devices  are  a part  of  the 
scientific  and  technological  “fall- 
out" of  space  age  exploration  and 
experimentation. 

Learnings  to  Be  Developed: 

Discoveries  made  by  scientists  in- 
crease our  knowledge  about  many 
different  things. 

Our  scientific  knowledge  is  in- 
creasing very  rapidly. 

Many  things  remain  to  be  dis- 
covered by  scientists. 

Developing  the  Lesson:  Begin  by  ask- 
ing the  children  what  it  means 
when  a person  says  he  has  discov- 
ered something.  Have  them  tell 
about  discoveries  that  they  have 
recently  made.  These  might  in- 
clude such  discoveries  as:  os- 
triches are  birds;  scientists  work 
in  laboratories;  shadows  are 
shortest  at  noontime;  and  the 
stems  of  green  plants  bend  toward 
the  light.  Point  out  that  these  are 
truly  discoveries,  but  personal 
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ones. 


How  are  scientific  discoveries 
different  from  personai  ones? 

After  the  children  have  read  the 
second  paragraph,  ask  them  to 
tell  about  some  important  discov- 
eries they  have  heard  about.  Here 
are  a few  that  might  get  them 
started:  polio  vaccine,  space 
travel,  plastic  materials,  and  weed 
killers.  Although  these  are  not 
discoveries  in  theoretical  science, 
they  do  represent  important 
technological  discoveries  and  are 
commonly  referred  to  as  scientific 
discoveries. 

Here  is  an  opportunity  to  encour- 
age children  to  use  their  imagina- 
tions in  speculating  about  future 
scientific  advancements.  To  get 
them  started,  suggest  that  they 
discuss  cities  built  under  water  in 
the  ocean,  ray  guns  that  disinte- 
grate objects,  and  radio  receivers 
that  pick  up  the  “thought  waves” 
of  other  people.  Briefly  list  their 
ideas  on  the  chalkboard,  and  have 
the  class  select  those  that  they 
think  are  most  likely  to  happen 
in  the  near  future. 

Many  industries  advertise  their 
new  products  in  magazines.  These 
products  have  been  made  pos- 
sible through  the  discoveries  of 
scientists  and  engineers  employed 
by  industry.  New  drugs,  building 
materials,  and  communication  de- 
vices are  a few  examples.  Ask  the 


Do  you  think  that  someday  scientists 
will  learn  what  it  is  like  on  the  moon? 

Do  you  think  that  someday  scientists 
will  be  able  to  make  food  without  the  help 
of  green  plants? 

Do  you  think  that  someday  our  cities 
will  be  built  under  large,  clear  roofs  so  that 
it  will  rain  only  when  we  want  it  to  rain? 


You  may  want  to  be  a scientist  someday 
and  help  make  discoveries  for  tomorrow’s 
world.  You  may  want  to  help  all  people 
to  live  better  and  to  know  more  about  the 
world.  If  you  become  a scientist,  you 
may  be  able  to  do  these  things. 

But  even  if  you  do  not  wish  to  become 
a scientist,  you  will  still  learn  much 
when  you  learn  science.  Science  helps  you 
know  more  about  yourself  and  about  the 
world.  Science  helps  you  find  the  answers  to 
many  of  your  questions.  Science  will  help  you 
to  think  better.  Science  has  already  helped  you 
if  you  have  started  to  ask  good  questions. 

USING  THE  SCIENTIST’S  WAY* 


Look  in  newspapers  and  try  to  find 
stories  about  new  discoveries  in  science. 

Look  in  different  newspapers  and  see  if  each 
newspaper  tells  the  same  things  about  the 
same  science  discoveries.  Tell  your  class 
what  you  find  out.  You  might  want  to 
make  a report  called  “Science  Discoveries 
This  Year.” 

* Reading  about  the  discoveries  of  others  is  the  scientist’s  way. 


children  to  examine  magazines  at 
home  and  report  other  such  ex- 
amples in  class. 

Have  the  children  check  news- 
papers and  periodicals  to  keep 
track  of  the  satellite  program. 

Some  children  may  not  realize 
that  we  depend  entirely  on  green 
plants  for  our  food  supply.  Help 
them  to  understand  how  all  foods 
— meat,  vegetables,  fruits,  and 
grains— ultimately  depend  on  the 
action  of  light  on  green  plants. 

Follow-Up:  Have  children  tell  about 
what  they  would  like  to  be  when 
they  grow  up.  Make  a list  of 
these  choices  on  the  chalkboard. 
Whether  or  not  any  of  them  men- 
tions that  he  would  like  to  be  a 
scientist,  help  them  to  see  that 
science  is  going  to  affect  what- 
ever occupations  or  professions 
they  may  select.  For  example,  a 
doctor  will  benefit  from  new 
medicines  and  methods  of  treat- 
ing disease.  A policeman  will  use 
new  communication  systems  and 
new  crime-detection  techniques. 
A fireman  will  have  new  methods 
of  preventing  and  controlling 
fires.  A lawyer  will  work  with  new 
laws  to  deal  with  developments 
such  as  space  travel.  An  airplane 
pilot  may  fly  the  new  supersonic 
planes  that  fly  at  2,000  miles  per 
hour  and  new  spaceships  to  the 
moon  and  planets. 


PATHFINDERS  IN  SCIENCE 


(pp.  20-21) 

LESSON:  Why  was  Michael  Fara- 
day a pathfinder  in  science? 

Background:  A noted  scientist  will 
be  presented  in  each  unit  of  this 
book  as  a pathfinder  in  science. 
This  will  help  children  get  ac- 
quainted with  scientists  and  the 
discoveries  that  made  them  fa- 
mous. It  will  also  help  them  de- 
velop an  appreciation  for  the  way 
scientific  knowledge  develops 
through  the  efforts  of  many  scien- 
tists from  many  different  coun- 
tries. We  consider  the  pathfinders 
to  be  of  such  importance  that  a 
complete  lesson  should  be  given 
to  each  of  them. 

Learnings  to  Be  Developed: 

Michael  Faraday  was  a pathfinder 
in  science  because  he  discovered 
that  electricity  could  be  produced 
with  a magnet. 

Because  he  was  curious?  he  asked 
questions  and  performed  experi- 
ments. 

He  became  a scientist  through  the 
help  of  other  scientists. 

Developing  the  Lesson:  As  an  intro- 
duction to  this  lesson,  ask  the 
children  what  they  think  a path- 
finder is.  (One  dictionary  defines 
a pathfinder  as:  "One  who  dis- 
covers a way  or  a new  route  by 
exploring  untraversed  regions.") 


Michael  Faraday 

(1791-1867)  ENGLAND 


Michael  Faraday  was  an  English 
boy  who  came  from  a poor  family. 
When  he  was  thirteen  years  old,  he 
had  to  leave  school  to  work  in  a 
bookshop.  There  he  read  many 
science  books.  The  more  he  read, 
the  more  questions  he  asked. 
Michael  thought  that  he  might  want 
to  be  a scientist. 

Michael  went  to  hear  some 
talks  given  by  a famous  scientist. 
Sir  Humphry  Davy.  Michael  was 
then  sure  he  wanted  to  be  a 
scientist.  He  showed  Sir  Humphry 
the  notes  he  had  taken  of  Sir 
Humphry’s  talks.  A year  later, 
when  Sir  Humphry  needed  a 
helper,  Michael  got  the  job. 

As  a scientist’s  helper,  Michael 
Faraday  could  do  experiments  on 
his  own.  He  knew,  as  other 
scientists  did,  that  electricity  can 
make  magnetism.  But  he  was 
curious  and  wanted  to  know  more. 
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He  wanted  to  know,  “Can 
magnetism  make  electricity?’’ 

To  find  out,  Faraday  did  an 
experiment.  He  put  a magnet 
inside  a coil  of  wire.  Then  he 


Coil  wrapped  around 
compass  -galvanometer 


Magnet 


nifu 


Coil  of  wire 


used  an  instrument  called  a 
galvanometer  (gal-vuh-NOM-uh-ter) 
to  find  a trace  of  electric  current  in 
the  coil.  He  did  this  many  times, 
but  he  found  no  trace  of  electric 
current. 

Again  Faraday  asked  questions. 
What  if  the  magnet  were  moved  in 
and  out  of  the  coil?  He  tried  it 
and  the  galvanometer's  needle 
flickered  back  and  forth.  Faraday 
had  discovered  that  a moving 
magnet  can  produce  an  electric 
current  in  a wire. 

Michael  Faraday's  discovery 
led  to  the  invention  of  the 
electric  generator  (JEN-uh-ray-ter). 
A generator  makes  electricity. 
Today,  there  are  many  things  that 
use  electricity  made  by  generators. 
Light  bulbs,  radios,  televisions, 
refrigerators,  and  washers  use 
such  electricity. 

Michael  Faraday's  curiosity  and 
questions  about  electricity  led  to 
discoveries  that  are  helping  us 
today.  He  was  a true  pathfinder 
in  the  science  of  electricity. 


When  you  agree  on  a definition, 
ask  pupils  to  use  the  text  to  de- 
termine why  Faraday  is  a path- 
finder in  science.  Use  these  ques- 
tions in  discussing  the  text; 

Where  did  Michael  Faraday  livef 

Flow  did  he  happen  to  decide 
he  wanted  to  be  a scientist? 

Why  did  the  scientist  Sir  Fium- 
phry  Davy  employ  Michael  as 
his  helper? 

Do  scientists  have  helpers  to- 
day? What  are  they  called?  (Re- 
search assistants.) 

What  does  a scientist's  helper 
do?  (Keep  records,  feed  animals, 
wash  test  tubes,  take  daily  meas- 
urements, etc.) 

blow  does  the  laboratory  shown 
on  these  pages  compare  with 
the  one  shown  on  page  13? 
(More  modern  equipment; 
many  books  combining  records 
of  other  scientists'  work.) 

What  scientific  tools  can  you 
find  in  Faraday's  laboratory?  For 
what  were  they  used?  (Bottles 
and  flasks,  for  storing  and  mix- 
ing chemicals;  bellows,  for  fire; 
sink,  for  cleaning  equipment; 
vise,  for  holding  things  firmly.) 

What  did  Faraday  discover? 
(Magnetism  can  produce  elec- 
tricity.) 
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Using  What  You  Have  Learned 


t:^aching  srcuESTiONS 

(pp.  22-23) 


' LESSON:  How  do  you  make  good 
scientific  guesses? 

Learnings  to  Be  Developed: 

Some  knowledge  is  needed  before  ^ 
you  can  state  good  hypotheses.  ^ 

The  knowledge  we  use  in  stating  I 

hypotheses  often  comes  from  our  * 
past  experiences.  ] 

Questions  lead  to  hypotheses;  one  I 
cannot  state  a hypotheses  without  f 
first  having  a question.  ' 


Developing  the  Lesson:  After  children 
have  made  their  guesses  regarding 
which  things  will  float,  have  them 
explain  why  they  guessed  as  they 
did.  Emphasize  that  to  guess  with- 
out some  reason  results  in  poor 
guesses.  Scientists  deal  with  ques- 
tions that  have  never  been  satis- 
factorily answered.  Before  they 
guess  at  the  answer  (hypothesize), 
they  get  as  much  information  as 
possible  about  the  question. 


i 


When  the  first  activity  is  com-  i* 
pleted,  encourage  children  to 
place  other  objects  in  the  glass  of 
water  and  observe  what  happens 
to  the  water  level  in  the  glass. 


1.  Look  at  the  things  in  the  picture.  Try 
to  guess  which  things  will  float  on  water. 
Then  put  these  things,  one  by  one,  into  a 
glass  of  water.  Which  guesses  were  right? 


LfeSi. 


0 

f 

2.  Get  two  cardboard  boxes  that  have 
different  shapes.  Both  boxes  should  weigh 
the  same  when  empty.  Fill  each  box  with 
sand.  Now  try  to  guess  whether  or  not 
both  boxes  will  weigh  the  same  when  fllled 
with  sand.  Why  did  you  make  that  guess? 
Weigh  the  boxes  to  see  whether  or  not  your 
guess  was  right. 

Weighing  is  measuring,  and  measurement  is  one  of  the  ways  of  the 
scientist. 
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3.  Below  you  will  find  four  pictures. 
Look  at  them  very  carefully.  Can  you  tell 
what  they  show?  Now  read  the  clues  with 
each  picture  and  make  a guess  about  what 
you  see.  How  will  you  go  about  finding  out 
for  sure  what  each  picture  shows?  What 
questions  will  you  have  to  ask  to  find  out? 
Where  will  you  go  for  your  sources 
of  information? 


Magnifiers  an:'  cameras  have 
made 't  possi'-de  for  us  to  see 
such  phenon:i=na  as  these. 
Using  these  mstrmnents  is 
one  of  the  ways  of  the  scien- 
tist. 


It  spends  much  of  its  life  eating. 
As  an  adult  it  has  wings  and  it  flies. 


Caterpillar 

This  is  how  it  looks  in  slow  motion. 
This  liquid  is  good  with  dry  cereal. 


It  flows  from  sink  faucets,  splash 


House 

fly 


It  is  a warm-weather 


of  -ater 

pest. 


Why  does  the  water  level  rise? 
(Because  the  object  takes  the 
place  of  a volume  of  waterequal 
to  the  volume  of  whatever  part 
of  it  is  in  the  water.) 

This  idea  is  basic  to  the  concept 
of  flotation,  to  be  developed  later. 
For  the  second  activity,  use  small 
boxes  of  various  shapes,  such  as  a 
round  oatmeal  box,  a shoebox,  a 
box  that  contained  soap  powder, 
or  other  containers  of  compara- 
ble size.  The  boxes  probably  will 
not  be  the  same  weight,  but  dif- 
ferences should  be  minimal. 

Weigh  the  boxes  again  when  they 
are  filled  with  sand,  and  record 
the  weights.  Ask  the  children  to 
measure  the  boxes. 

What  does  the  combination  of 
measures  for  each  box  tell  about 
tbe  capacity  of  the  box? 

The  third  activity  has  been  de- 
signed to  demonstrate  that  accu- 
rate observation  is  desirable  in 
arriving  at  good  guesses.  Further- 
more, in  order  to  locate  informa- 
tion about  something  with  which 
you  are  unfamiliar,  it  is  necessary 
to  ask  specific  questions. 

The  objects  that  are  shown  are  a 
caterpillar,  a drop  of  water,  a 
drop  of  milk,  and  a fly. 


WHAT  YOU  KNOW  ABOUT 


TEACHING  SUGGESTIONS 
(pp.  24-25) 

Background:  These  two  pages  con- 
stitute a review  of  the  concepts 
and  terminology  introduced  in 
this  unit.  li 

What  You  Have  Learned:  This  is  a sum-  | 
mary  of  the  entire  unit,  with  new  I 
words  in  boldface  type.  I 

Checklist  of  Science  Words:  Remind  | 

the  pupils  that  there  is  a Diction- 
ary  of  Science  Words  on  pages  i: 

227-234.  They  should  consult  this  f 

dictionary  whenever  they  are  un-  0 

sure  of  the  precise  meaning  of  a 
word. 

Yes  or  No? 

1.  Yes 

2.  Yes 

3.  Yes 

4.  No 

Using  Science  Words 

1.  library 

2.  source 

3.  experiment 


What  You  Have  Learned 

When  you  are  curious,  you  often  ask  questions  about 
the  world.  Good  sources  can  help  you  find  answers. 

A person  who  knows  much  about  something  is  a 
good  source.  The  writings  of  such  a person  are  a good 
source.  Library  books  are  often  good  sources  also. 

Scientists  ask  many  questions  about  the  world. 
When  good  sources  do  not  answer  a question,  a 
scientist  may  try  to  find  the  answer  by  doing  an 
experiment.  An  experiment  is  a way  of  looking  for 
an  answer  by  trying  things  out. 

When  a scientist  finds  a new  answer  to  a question, 
the  answer  is  called  a discovery.  Other  scientists 
then  check  the  answer  to  see  if  it  is  right. 


Checklist  of  Science  Words 

Here  are  some  science  words  you  read  about  in  this 
unit.  Can  you  tell  what  you  have  learned  about 
each  one? 

discovery  experiment  sources 
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Yes  or  No? 


Number  a page  in  your  notebook  from  1 to  4.  For 
each  sentence  that  seems  true,  write  Yes  on  yoin* 
paper.  For  each  sentence  that  does  not  seem  true, 
write  No. 

1.  A good  source  helps  you  find  answers  to  your 
questions. 

2.  A museum  is  a good  source. 

3.  The  school  library  is  a very  good  source  for  you 
to  use. 

4.  Experiments  never  help  you  to  find  answers  to 
your  questions. 


Using  Science  Words 

Number  a page  in  your  notebook  from  1 to  3.  Fill 
in  the  right  word  for  each  sentence. 

library  experiment  source 

1.  A ? is  a very  good  source  for  you  to  use. 

2.  A person  who  knows  much  about  what  you  want 
to  know  is  a good  ? 

3.  An  ? is  a way  of  looking  for  an  answer 
by  trying  things  out. 


NOTES: 


Use  this  space  for  any  additional 
teaching  suggestions  you  may 
have. 
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TEACHING  SUGGESTIONS 

(pp.  26-27) 

Background;  These  pages  reinforce 
the  concepts  presented  in  the  unit 
by  suggesting  activities  that  ex- 
tend the  pupil's  ability  to  apply 
the  learnings  derived  from  the 
unit. 

Guess  the  Word;  This  activity  deals 
with  only  three  important  words 
from  this  unit.  Some  children  will 
be  interested  in  making  sentences  ' 
using  scrambled  letters  for  other 
words.  They  might  use:  curious;  i 

questions;  answers;  guesses;  mu- 
seum; library;  scientists;  Michael 
Faraday;  pathfinder;  Sir  Humphry 
Davy. 

Science  Newspapers;  The  newspaper 
does  not  have  to  be  elaborate. 
Very  simply,  a section  of  the  bul- 
letin board,  or  a large  piece  of 
tagboard,  could  be  prepared  with 
the  heading  "Our  Science  News-  j 
paper."  Articles  written  by  the 
boys  and  girls  could  be  posted  ■ 
for  a few  days  and  then  replaced  ! 
with  others.  A Science  Newspaper 
Committee  might  be  appointed  to 
keep  it  neat  and  up  to  date.  An-  | 
other  simple  method  would  be  to  jj 
use  a letter-file  folder,  properly  i 
titled.  As  contributions  come  in,  ;j 
they  would  be  placed  in  the  fold-  I 
er,  which  would  be  left  on  the  ! 
reading  table,  available  to  all  chil- 
dren. 


YOU  CAN  LEARN  MORE  ABOUT 

The  Scientist’s  Way 


Guess  the  Word 

1.  Science  books  and  many  books 
in  libraries  are  good  CESSOUR. 

2.  An  EXITPERMEN  is  a way  of 
looking  for  an  answer  to  questions  by 
trying  things  out. 

3.  The  scientist  who  is  the  first  one 
to  find  the  right  answer  to  a question 
has  made  a VERYCODIS. 

Science  Newspaper 

Your  class  can  be  a source  of 
answers  for  other  children.  Your 
class  can  write  a science  newspaper. 
Some  boys  and  girls  in  your  class  can 
talk  to  people  who  know  about 
science.  These  boys  and  girls  can 
write  about  what  those  people  say. 
Other  boys  and  girls  can  do  some 
experiments  in  class  and  then  write 
about  the  experiments  for  the  whole 
class  to  read  in  the  newspaper. 
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Question  Writing 

Good  questions  can  often  help  you 
to  find  answers.  Look  at  the  names 
of  the  units  in  this  book.  Try  to  think 
of  good  questions  that  might  be 
answered  in  each  unit.  Compare 
your  questions  with  your  classmates' 
questions.  Choose  the  three  best 
questions  for  each  unit.  When  you 
read  the  book,  see  if  these  questions 
are  answered. 

You  Can  Read 

1.  Research  Ideas  for  Young 
Scientists  by  George  Barr.  You  can 
repeat  scientists'  discoveries. 

2.  Where  Does  the  Butterfly  Go  When 
It  Rains?  by  May  Ga relick.  This  book 
asks  many  good  questions. 

3.  A Book  of  Moon  Rockets  for  You 
by  Franklyn  M.  Branley.  This  book 
tells  you  more  about  the  moon. 


Children's  interest  in  science  can  be  used  to  promo 
reading,  if  suitable  books  are  available. 


Question  Writing:  This  activity  is  a 
good  way  of  preparing  children 
for  what  is  to  come  during  the 
year's  science  program.  The  anno- 
tations in  the  table  of  contents, 
pages  V and  vii,  will  serve  as  ex- 
cellent clues  to  the  type  of  ques- 
tions that  might  be  asked. 

1.  There  should  be  some  of  each 
kind  of  question— what,  how,  why 
—in  the  list. 

2.  The  meaning  of  the  question 
should  be  clear. 

3.  The  question  should  be  clearly 
related  to  the  topic. 

You  Can  Read: Here  are  some  addi- 
tional books  related  to  this  unit 
that  children  will  find  interesting: 


750  Science  Experiments  Step-By- 
Step,  by  Judith  Veorst.  180  pp. 
Paperback.  (Bantam  Books,  1963.) 

The  Earth  Is  a Spaceship,  by  Julius 
Schwartz.  32  pp.  (Whittlesey 
House,  McGraw-Hill  Book  Com- 
pany, 1965.) 

Our  Tiny  Servants:  Molds  and 
Yeasts,  by  Bernice  Kohn.  62  pp. 
(Prentice-Hall,  1962.) 

Green  Is  for  Crowing,  by  Wini- 
fred and  Cecil  Lubell.  64  pp. 
(Rand  McNally  and  Company, 
1964.) 

Doctors  in  Petticoats,  by  Alice 
Fleming,  160  pp.  (J.  B.  Lippincott 
Company,  1964.) 


KEY  CONCEPTS 


Key  Concept  1.  Events  in  the  nat- 
ural environment  happen  in  an 
orderly  rather  than  a haphazard 
way;  man  searches  for  laws  to 
explain  this  order  by  observing, 
hypothesizing,  checking  his  ideas, 
and  rejecting  those  which  do  not 
square  with  reality. 

Key  Concept  4.  All  objects  in  the 
universe  and  all  particles  of  mat- 
ter are  constantly  in  motion;  man 
has  discovered  and  stated  the 
laws  governing  their  motion. 

CONCEPTS: 

1.  In  the  solar  system  nine  plan- 
ets orbit  a star  called  the  sun. 

2.  The  universe  is  made  up  of 
many  star  systems  or  galaxies. 

3.  Rotation  of  the  earth  on  its  axis 
results  in  day  and  night. 

4.  Relative  distances  from  an  ob- 
server affect  the  appearance  of 
objects  in  the  sky. 

5.  Moon  and  planets  can  be  seen 
because  they  reflect  light  from 
the  sun. 

6.  Stars  are  organized  into  groups 
called  constellations. 

7.  Scientists  continually  attempt 
to  find  better  ways  of  observing 
and  explaining  the  various  ob- 
jects in  the  universe. 


PROCESSES: 


j Observing — Page  35. 

Comparing — 31,  43,  54. 

! “Selecting  sources  of  informa- 
; tion — 35. 

i;  Demonstrating — 37,  46,  54. 

i' 
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Other  concepts  appear  under  "Learnings  to  Be  Developed"  : 

in  each  lesson  found  in  the  Teaching  Suggestions.  | 

The  Sky  Above  I 


What  You  Will  Find  Out 

Have  you  ever  wondered,  as  you  looked  at  the 
sky,  what  is  out  there?  You  will  learn  about  the 
sun,  the  moon,  and  the  planets.  You  will  learn 
how  man  has  found  out  about  them. 


TEACHING  SUGGESTIONS 

(pp.  30-35) 


• LESSON:  How  big  is  the  sky? 

Background:  Over  the  years  children 
have  exhibited  a natural  curiosity 
about  objects  in  the  sky,  merely 
because  they  could  see  them.  In 
these  times,  however,  they  not 
only  see  them,  but  hear  others  talk 
much  about  them.  The  spectacu- 
lar accomplishments  of  space  sci- 
entists and  engineers  have  done  a 
great  deal  to  generate  popular 
interest  in  astronomy. 

Today  the  study  of  astronomy 
provides  an  excellent  means  for 
demonstrating  how  the  scientist's 
methods  have  been  used  in  ad- 
vancing our  understanding  of 
natural  phenomena. 

Learnings  to  Be  Developed: 

The  earth  and  other  planets  move 
in  orbits  around  the  sun. 

The  sun  and  its  nine  planets  are 
called  the  solar  system. 

The  sun  and  millions  of  other 
stars  form  a star  system  called  a 
galaxy. 

There  are  millions  of  galaxies  in 
the  universe. 

Developing  the  Lesson:  Try  tO  elicit 
from  children  the  information  that 
the  earth  keeps  moving  in  the 
same  path,  year  after  year.  Help 
them  to  see  that  the  force  of 


Do  you  like  to  look  up  at  the  sky? 

Do  you  like  to  see  the  many  stars? 
Did  you  ever  try  to  count  the  stars? 
You  will  learn  more  about  the  stars. 
You  will  find  out  more  about  the  sky. 


How  Big  Is  the  Sky? 


Do  you  think  you  could  see  all  of  the 
earth  from  a place  like  the  one  in  the 
picture?  You  could  not  see  the  whole  earth 
from  such  a place. 


The  sky  is  bounded  by  your  horizon.  The  horizon  repre- 
sents the  distance  on  earth  that  you  can  see  from  any 
one  position.  At  sea  level  the  horizon  is  about  15  miles 
a'vay.  In  an  airplane  it  is  much  farther  away.  Ask  how  it 
would  appear  from  a rocket.  See  the  pictures  on  the  next 
page  and  on  page  49. 


From  far  off  in  the  sky,  the  earth 
would  look  like  this. 

From  your  faraway  place  in  the  sky, 
you  would  see  that  the  earth  makes 
a path  around  the  sun.  The  earth’s 
path  around  the  sun  is  called  an  orbit 
(OR-bit).  It  takes  one  year  for  the  earth 
to  move  in  orbit  around  the  sun. 


gravitation  keeps  the  earth  in  its 
orbit  around  the  sun,  just  as  it 
keeps  the  moon  in  orbit  around 
the  earth. 

Observed  from  a low  orbit,  the 
earth  would  appear  to  have  a 
curved  surface.  A space  voyager 
would  have  to  be  at  least  1,000 
miles  from  the  surface  to  notice 
the  ball  shape.  And  the  displace- 
ment of  the  earth  from  one  posi- 
tion to  another  in  its  orbit  could 
be  observed  only  over  a period 
of  time. 

Draw  several  circles  on  the  chalk- 
board to  show  that  all  points  on 
the  circumference  are  equidistant 
from  the  center  of  the  circle. 
Demonstrate  this  fact  by  meas- 
urement. Compare  these  circles 
with  ellipses  drawn  in  the  manner 
shown  below.  Measure  the  dimen- 
sions of  the  ellipse.  Move  the 
tacks  apart  or  together.  Make  new 
measurements.  Compare  the 
shapes  of  ellipses  with  tacks  in 
various  positions.  Have  children 
tell  what  other  ellipses  they  know 
about,  such  as  race  tracks  and 
miniature  railroad  tracks. 

Although  lines  have  been  drawn 
in  the  diagram  on  page  32  to 
show  the  orbits  of  the  planets, 
make  certain  that  children  do  not 
get  the  impression  that  the  lines 
physically  exist  in  space.  They 
merely  represent  the  location  of 


the  path  in  space  through  which 
the  planets  move.  The  planets 
shown  in  the  diagram,  reading 
from  the  one  nearest  the  sun,  are: 
Mercury,  Venus,  Earth,  Mars,  Jupi- 
ter, Saturn,  Uranus,  Neptune,  and 
Pluto.  (On  page  35,  the  children 
are  encouraged  to  find  these 
names  by  using  reference  mate- 
rials.) Remember  that  this  diagram 
is  not  drawn  to  scale  in  terms  of 
either  the  sizes  of  the  planets  or 
the  distances  between  them. 

To  extend  the  meaning  of  system 
as  used  in  "solar  system,"  encour- 
age children  to  think  of  other 
systems:  school  systems;  water 
system;  digestive  system;  nervous 
system.  The  dictionary  defines  sys- 
tem as:  "An  assemblage  of  objects 
united  by  some  form  of  regular 
interaction  or  interdependence." 

• Is  your  family  a system? 

•Is  your  classroom  a system? 

• Is  a city  a system? 

• Is  an  automobile  a system? 

Background:  A galaxy  is  really  a sys- 
tem of  stars.  The  stars  in  a galaxy, 
such  as  our  Milky  Way  Galaxy,  are 
interrelated  in  that  they  have  a 
common  center  of  revolution 
within  the  system.  Their  gravita- 
tional fields  interact  with  each 
other. 

The  Milky  Way  Galaxy  is  a lumi- 
nous band  in  the  night  sky  formed 


The  earth  is  a planet  (PLAN-it).  A 
planet  is  one  of  the  nine  bodies  that  orbit 
around  the  sun  and  get  their  light  from  the 
sun.  A planet's  orbit  is  in  the  shape  of 
an  ellipse  (ih-LIPSS).  Look  at  the  picture. 
How  is  an  ellipse  like  a circle?  How  is  it 
different  from  a circle? 

The  sun  and  its  nine  planets  are  called 
the  solar  system  (SOH-ler).  Look  at  the 
picture.  See  how  the  planets  make  orbits. 


Remind  children  that  this  is  an  artist's  conception  of  the  solar  system.  Sizes  and  dis- 
tances have  not  been  drawn  to  scale. 


The  sun  is  really  a star.  It  is  made  of 
hot  gases,  like  all  the  other  stars.  The  sun 
and  its  planets  are  only  a very  small  part  of 
the  much  bigger  family  of  stars  called  the 
Milky  Way  Galaxy  (GAL-ak-see).  A galaxy 
is  made  up  of  billions  of  stars  like  the  sun. 

Here  is  what  scientists  think  the 
Milky  Way  Galaxy  looks  like.  See  the  arrow 
that  points  to  the  solar  system  in  the  Milky 
Way  Galaxy. 


by  the  combined  light  of  a great 
number  of  stars.  At  nightfall  in 
the  late  winter  it  can  be  seen 
arching  across  the  sky  from  the 
northeast  to  the  southeast  hori- 
zons. When  you  view  the  Milky 
Way  Galaxy,  you  are  looking  from 
the  edge  of  our  galaxy  toward  the 
center  of  it,  in  which  there  are 
more  stars  than  in  other  parts. 

There  are  many  types  of  stars  mak- 
ing up  a galaxy.  Some  are  huge, 
extremely  hot,  and  relatively  easy 
to  view. 


Our  solar  system 


However,  small,  very  dense  stars 
emit  little  heat  and  no  light.  As- 
tronomers are  able  to  detect  them 
by  observing  the  motions  of  lumi- 
nous nearby  stars,  which  are  in- 
fluenced by  the  gravitational  fields 
of  the  dark  objects. 

Encourage  children  to  talk  about 
the  diagram  of  our  galaxy  on  page 
33.  Remind  them  that  it  takes  a 
good  imagination  to  visualize  our 
solar  system,  since  it  is  so  big  and 
no  one  has  actually  seen  it  from 
the  space  beyond  it.  It  takes  even 
greater  imagination  to  visualize 
our  galaxy.  However,  by  using 
powerful  telescopes,  astronomers 
have  taken  pictures  of  systems  of 
stars  far  out  in  space,  which  they 
believe  are  galaxies  similar  to 
ours.  The  diagram  here  represents 
a model  of  what  scientists  believe 
our  galaxy  is  like.  Building  models 


is  one  of  the  methods  used  by 
scientists  in  getting  their  ideas  or- 
ganized into  an  understandable 
system. 

Background:  Children  should  have 
the  experience  of  viewing  distant 
objects  through  field  glasses.  Ex- 
plain that  in  the  same  way,  objects 
are  brought  nearer  to  the  ob- 
server with  a telescope. 

Astronomers  use  two  general 
types  of  telescopes.  Optical  tele- 
scopes collect  light  from  the  ob- 
jects being  observed.  Radio  tele- 
scopes collect  the  radio  waves 
that  are  emitted  by  certain  celes- 
tial objects. 

Tell  the  class  that  in  one  type  of 
optical  telescope,  the  lenses, 
something  like  those  in  eyeglasses, 
bend  the  light  so  that  more  of  it 
is  collected  in  one  spot.  This  can 
be  demonstrated  by  using  a mag- 
nifying glass  to  concentrate  light 
from  the  sun  and  burn  a hole  in 
paper. 

The  telescope  shown  in  the  pic- 
ture on  page  34  is  an  optical  tele- 
scope that  uses  mirrors  instead  of 
lenses.  It  is  called  a reflecting 
telescope.  Telescopes  that  use 
lenses  are  called  refracting  tele- 
scopes. Our  largest  optical  tele- 
scopes are  the  reflecting  kind. 


Even  though  the  Milky  Way  Galaxy 
is  very  big,  it  is  only  one  of  millions  of 
galaxies  in  space.  Scientists  use 
telescopes  (TELL-uh-skohps)  to  see  some 
of  these  galaxies.  Telescopes  make  these 
faraway  things  in  space  seem  much  closer. 

All  galaxies  in  space  are  part  of  the 
universe  (YOO-nuh-verss).  The  universe  is 
made  up  of  everything  that  there  is.  The 
earth  and  everything  on  it  are  part  of 
the  universe.  The  sky  and  the  solar  system 
and  the  Milky  Way  Galaxy  are  part  of 
the  universe. 


. painted  on  the  screen  to  make  it  look  realistic. 


USING  THE  SCIENTIST’S  WAY 

The  large  object  is  the  instrument  that  is  used  to  project 

You  can  use  the  books  in  your  library 
to  find  out  the  names  of  the  nine  planets. 
Find  out  which  planet  is  the  largest.  Which 
one  is  the  smallest?  Which  planet  is  the 
farthest  from  the  sun?  Which  one  is  the 
closest?  Try  to  find  out  how  long  it  takes 
for  each  of  the  planets  to  make  an  orbit 
around  the  sun. 

You  may  want  to  visit  a planetarium 
(plan-uh-TAIR-ee-um)  to  learn  more  about 
the  planets.  A planetarium  is  a place 
where  the  ceiling  looks  just  like  the  sky 
at  night.  You  can  see  a model  of  the 

solar  system  at  a planetarium. 

images  of  stars  and  planets  onto  the  dark  dome  that 
represents  the  sky. 


Developing  the  Lesson:  Help  children 
understand  how  the  term  "uni- 
verse" encompasses  everything. 

o/n  what  family  do  you  live? 

oin  what  community,  town  or 
city  do  you  and  your  family  live? 

0 In  what  county  is  your  commu- 
nity located? 

o In  what  state  is  your  county? 

In  what  nation  is  your  state? 

- On  what  planet  is  your  nation? 
o In  what  system  is  your  planet? 

o In  what  galaxy  is  your  solar  sys- 
tem? 

The  concept  of  the  universe  can 
help  children  acquire  classifica- 
tion skills  leading  to  the  idea  of 
hierarchy.  Draw  a lattice  diagram, 
or  circles  within  circles,  to  illus- 
trate that  many  towns  make  a 
county,  many  counties  make  a 
state,  many  states  make  a nation, 
etc.  Children  often  do  not  realize 
one  can  live  in  Chicago  and  in 
Illinois  at  the  same  time. 

Encourage  children  to  learn  the 
names  of  all  planets  and  to  name 
them  in  order  of  their  position 
from  the  sun.  Have  some  of  them 
make  a chart  on  which  facts  about 
each  planet  are  recorded.  Include 
such  information  as  distance  from 
the  sun,  diameter,  number  of 
moons,  period  of  revolution 
(length  of  year),  and  period  of 
rotation  (length  of  day). 


(pp.  36-38) 

LESSON:  Where  is  the  sun  at 
night? 

Background:  One  important  con- 
cept that  this  lesson  is  designed 
to  teach  is  that  the  earth's  axis  is 
the  center  of  its  rotation.  Since 
classroom  globes  and  other  earth 
models  usually  have  some  rod- 
like object  running  through  them 
to  represent  the  axis,  children 
may  develop  the  misconception 
that  the  earth's  axis  is  a similar 
physical  object.  The  activity  on 
page  37  has  been  prepared  to  dis- 
pel such  misconceptions.  An  un- 
derstanding of  other  concepts, 
such  as  the  North  Pole,  the  South 
Pole,  and  the  causes  of  seasons, 
are  dependent  on  the  child's  con- 
cept of  the  earth's  axis.  Therefore, 
take  time  to  help  your  pupils 
think  their  way  to  the  correct 
concept. 

Learnings  to  Be  Developed: 

The  earth  rotates. 

The  earth's  center  of  rotation  is 
its  axis. 

Only  one  half  of  the  earth  is 
lighted  by  the  sun  at  any  one 
time. 

The  rotation  of  the  earth  accounts 
for  day  and  night. 


Where  Is  the  Sun  at  Night? 


Each  morning,  the  sun  seems  to  rise 
in  the  sky.  At  noontime,  it  reaches  its 
highest  point  in  the  sky.  And  then  each 
night,  the  sun  seems  to  go  down  on  the  other 
side  of  the  sky.  Where  do  you  think  the  sun 
goes  at  night?  Do  you  think  that  the 
sun  stops  shining  at  night? 

To  see  what  happens  to  the  sun  at 
night,  think  first  about  the  earth.  The  earth 
turns  around  on  an  axis  (AK-siss).  The 
earth’s  axis  is  a make-believe  line  that  goes 
through  the  middle  of  the  earth.  Look 
at  the  picture.  See  how  the  earth  turns. 

■u/  c:  : 'S:-0\-'ion 


USING  THE  SCIENTIST'S  WAY* 


You  can  see  what  the  earth’s  axis  is  like. 
Take  a small  rubber  ball.  Push  a needle 
into  the  ball.  Now  push  a straight  pin 
anywhere  into  the  other  side  of  the  ball. 
Turn  the  needle  and  watch  the  pin. 

Push  another  pin  into  the  ball  so  that 
the  second  pin  does  not  make  as  big  a circle 
as  the  first  pin. 

Try  to  push  other  pins  into  the  ball  so 
that  they  go  around  in  smaller  and  smaller 
circles.  Can  you  find  the  place  where  a pin 
will  not  move  around  in  a circle  at  all? 

There  is  one  place  where  a pin  will  not 
move  in  a circle.  Make  believe  that  there 
is  a line  through  the  ball  from  that  pin  to 
the  needle.  That  make-believe  line  is  the 
axis  of  the  ball. 

Now  you  can  see  for  yourself  where  the 
sun  goes  at  night. 

Take  all  the  pins  out  of  the  ball. 
Cover  the  ball  with  some  aluminum  foil. 

Then  paste  a small  piece  of  paper  on 
the  ball.  Make  believe  that  the  paper  is 
the  place  on  the  earth  where  you  live. 

Put  a lighted  lamp  on  a table.  Make 
believe  that  the  lamp  is  the  sun. 

* Scientists  use  models 
to  explain  some  things. 


Developing  the  Lesson:  Lead  up  grad- 
ually to  the  question  of  why  the 
sun  cannot  be  seen  at  night. 

Where  in  the  sky  is  the  sun  right 
now? 

Where  did  you  see  it  this  morn- 
ing when  you  came  to  school? 

Where  will  you  see  it  tonight 
when  you  get  home? 

Why  can't  you  see  the  sun  at 
night? 

Tell  the  children  that  since  it  is 
not  yet  possible  for  us  to  go  far 
enough  into  space  to  view  the 
earth  and  the  sun,  we  will  again 
use  models  to  help  us  understand 
what  happens  when  the  sun  dis- 
appears at  night. 

When  pushing  the  needle  and 
pins  into  the  ball  that  represents 
the  earth,  as  shown  on  page  37, 
take  care  that  the  points  are  di- 
rected to  the  center  of  the  ball. 
In  this  configuration,  when  the 
axis  is  identified,  it  will  pass 
through  the  center  of  the  ball. 

Remove  all  pins  except  the  one 
which  forms  part  of  the  axis.  Its 
head  should  not  describe  a circle 
when  the  ball  rotates.  Plan  to 
paste  the  paper  representing  your 
position  in  the  vicinity  of  the 
"equator"  of  the  ball,  so  that  day 
and  night  effects  are  clearly  visible. 


You  can  also  use  a top  to  demon- 
strate the  axis  of  rotation.  As  the 
top  slows  down,  you  can  show 
that  the  axis  tips. 

The  sun  is  directly  overhead  in 
the  sky  about  noontime,  but  there 
are  slight  differences  in  the  time 
of  highest  point  depending  on 
location  with  respect  to  a merid- 
ian. The  sun  is  highest  in  some 
places  at  11:30  A.M.,  in  other 
places  at  11 :22  A.M. 

Use  the  diurnal  motions  of  the 
earth  to  reinforce  the  children's 
understanding  of  the  cardinal 
points  of  the  compass.  Watch 
where  the  sun  rises  in  the  morn- 
ing and  sets  in  the  evening. 

• How  can  you  tell  which  part  of 
the  earth  is  receiving  light  from 
the  sun? 

• Can  you  say  that  the  sun  is  al- 
ways rising  somewhere  on  the 
earth?  Where  is  this  happening? 

Can  you  say  that  the  sun  is  al- 
ways setting  somewhere  on  the 
earth?  Where  is  this  happening? 

• Can  you  say  that  is  is  always 
noon  somewhere  on  the  earth? 
Where  is  this? 

When  is  it  midnight  where  you 
live?  Where  is  the  sun  at  mid- 
night? 

Is  it  always  midnight  at  some- 
place on  the  earth?  Where? 


The  pictures  above  show  the  position  o 
the  spot  on  the  earth  in  relation  to  -he  sun 
when  it  is  daytime  ai  the  spot. 


iiavc  unvipit:iL  in  ui  Lfic 

activity  with  the  ball  and  the  lamp. 

Now  hold  the  ball  near  the  lamp.  Put 
out  all  the  other  lights  in  the  room.  Then 
turn  the  ball  around  on  its  axis. 

While  you  are  turning  the  ball  on  its 
axis,  think  about  these  questions: 

1.  Does  the  lamp  keep  shining? 

2.  Does  it  light  up  all  of  the  ball  at  the 
same  time? 

3.  Does  the  lamp  always  light  up  the 
piece  of  paper? 

In  the  same  way,  the  real  sun  keeps 
shining.  The  sun  lights  up  only  a part  of 
the  earth  at  a time.  When  your  part  of 
the  earth  is  turned  toward  the  sun,  it 
receives  the  sun’s  light.  When  it  becomes 
dark,  your  part  of  the  earth  is  turned 
away  from  the  sun. 


Is  the  Sun  the  Brightest  Star? 


The  sun  shines  with  a very  bright 
light.  But  the  sun  is  not  the  brightest  star. 
Why  do  you  think  the  sun  seems  to  be  the 
brightest  star? 


USING  THE  SCIENTIST'S  WAY 


Use  the  needle  and  ball  that  you  used 
before.  Hold  the  ball  about  two  feet  from 
a lighted  lamp.  Pretend  the  ball  is  the 
earth  and  the  lamp  is  the  sun.  Turn  out 
all  the  other  lights  in  the  room.  Does 
any  light  go  from  the  lamp  to  the  ball? 

Now  hold  the  ball  far  away  from  the 
lamp.  Pretend  that  the  lamp  is  a star 
that  is  much  farther  away.  See  how  much 
light  now  goes  from  the  lamp  to  the  ball. 

Which  lights  up  the  ball  more,  the 
“sun”  or  the  “star”? 

The  real  sun  seems  brightest  because  it 
is  the  closest  star  to  the  earth. 

The  sun  is  about  93  million  miles  from 
earth.  But  you  would  have  to  go  much 
farther  to  get  to  the  next  star. 


26  million  million  nine 
to  Alpha  Oentai'n 


teachsng  suggestions 

(p.  39) 


LESSON:  Is  the  sun  the  brightest 
star? 


Background:  The  apparent  bright- 
ness of  the  sun  results  from  its 
high  luminosity  and  its  relative 
proximity  to  earth.  Many  stars  are 
thousands  of  times  as  luminous  as 
the  sun.  But  even  the  nearest  star 
outside  the  solar  system  is  so  very 
far  away  that  the  light  we  receive 
is  feeble  in  comparison  with  sun- 
light. Point  out  to  children  that 
from  Pluto,  the  outermost  planet, 
the  sun  would  appear  quite  small 
and  very  dim. 

Learnings  to  Be  Developed:  The  SUn  is 
our  nearest  star;  therefore  it  ap- 
pears to  be  much  brighter  than 
other  stars. 

Developing  the  Lesson:  Introduce  the 
lesson  by  asking  the  children  what 
is  the  brightest  star  they  have  ever 
seen.  Encourage  them  to  think 
about  the  sun  as  a star.  Once 
they  have  accepted  the  sun  as  the 
brightest,  ask  them  what  evidence 
they  have  to  support  their  belief. 

Begin  the  activity  by  telling  the 
children  that  it  will  help  them  un- 
derstand why  the  sun  appears  to 
be  our  brightest  star.  Tell  them 
also  that  they  are  going  to  do 
some  pretending  again. 


T.A^'HING  iUGC'ST’ON-- 
(pp.  40-41) 


• LESSON:  Why  is  the  moon  so 
bright? 

Learnings  to  Be  Developed: 

The  moon  orbits  the  earth. 

We  see  the  moon  by  reflected 
light  from  the  sun. 

Developing  the  Lesson:  Introduce  this 
lesson  by  reviewing  the  concept 
of  orbit,  the  path  along  which  one 
body,  such  as  a planet,  revolves 
around  another  body,  such  as  the 
sun.  Tie  a rubber  ball  or  some 
other  soft  object  to  a string  and 
whirl  it  around  your  head.  Tell  the 
class  to  think  of  the  ball  as  a 
planet  and  your  head  as  the  sun. 

* What  is  the  planet  doing?  (Re- 
volving around  your  head. 

•*  What  is  the  center  of  its  revolv- 
ing motion?  (Your  head.) 

' What  is  the  path  along  which  the 
planet  is  moving  called?  (Orbit.) 

‘ What  is  its  shape?  (Some  chil- 
dren may  say  an  ellipse.  They 
should  be  shown  that  it  is  a circle 
as  long  as  your  whirling  hand 
stays  in  the  same  place.  You 
could  make  the  ball  whirl  in  an 
ellipse  by  slightly  changing  the 
position  of  your  hand  during 
each  whirl). 


Why  Is  the  Moon  So  Bright? 


The  moon  orbits  the  earth.  It  takes 
about  one  month  for  the  moon  to  make 
one  orbit. 

At  the  same  time  that  the  moon 
makes  an  orbit  around  the  earth,  the  earth  is 
moving  in  an  orbit  around  the  sun. 

Look  at  the  picture.  Find  the  place 
where  the  moon  is  between  the  earth  and 
the  sun.  When  the  moon  is  there,  it  blocks 
the  sun's  light.  The  sun  is  shining  on  the 
other  side  of  the  moon.  That  side  of  the 
moon  is  bright,  but  the  side  of  the  moon 
facing  you  is  dark. 


The  moon  is  not  a star.  It  does  not 
give  off  any  light  of  its  own.  It  gets  its 
light  from  the  sun.  The  moon  reflects 
some  of  the  light  of  the  sun.  Reflected  light 
is  light  that  is  bounced.  Here  is  how  the 
moon  reflects  the  light  of  the  sun. 

First  the  sunlight  hits  the  moon.  The 
sunlight  is  reflected  by  the  moon.  Some 
of  the  reflected  light  that  bounces  off  the 
moon  travels  to  the  earth. 

When  you  see  the  moon,  what  you 
are  really  seeing  is  reflected  sunlight.  The 
moon  reflects  different  amounts  of  sunlight 
at  different  times  of  the  month. 

Lines  represent  •ays  of  light  from  the  s'',/,  inclu-i:..g  -hnse  ■ 


Now  approach  the  text.  Ask  the 
children  what  keeps  the  moon 
moving  along  with  the  earth  in 
orbit.  Help  them  to  understand 
that  the  force  of  gravity  works  be- 
tween the  moon  and  the  earth  in 
the  same  manner  that  it  acts  be- 
tween the  sun  and  the  earth.  Use 
the  whirling  ball  to  show  what 
happens  when  you  let  go  of  the 
string. 

In  discussing  how  we  see  the 
moon,  point  out  that  we  see  most 
things  by  reflected  light.  We  can- 
not see  objects  at  night  because 
no  sunlight  is  reflected  from  them 
to  our  eyes.  Whenever  we  use  a 
flashlight  to  see  at  night,  we  turn 
the  light  toward  the  objects  we 
want  to  see.  Then  we  can  see 
them,  because  light  from  the  flash- 
light is  reflected  from  the  objects 
to  our  eyes. 

A simple  demonstration  with  a 
rubber  ball  can  illustrate  what  is 
meant  by  reflected  light.  Explain 
that  you  represent  the  sun,  and 
choose  a pupil  to  represent  the 
earth.  The  rubber  ball  is  a ray  of 
light,  and  the  floor  on  which  it 
bounces  represents  the  moon. 
Bounce  the  ball  on  the  floor  in 
such  a way  that  it  will  bounce  off 
toward  the  child  representing 
earth.  Explain  that  this  is  the  way 
light  is  bounced  from  the  sun  off 
the  moon  and  toward  the  earth. 


TEACHING  SUGGESTIONS 

(pp.  42-43) 

• LESSON:  Is  the  moon  as  big  as 
the  sun? 

Background:  The  diameter  of  the 
moon  is  approximately  2,100 
miles,  and  the  sun's  diameter  is 
about  865,000  miles.  It  would  take 
some  430  moon  diameters  to 
make  up  the  diameter  of  the  sun. 
The  moon  is  approximately  239,- 
000  miles  from  the  earth,  whereas 
the  sun  is  93,000,000  miles  away. 

Learnings  to  Be  Developed:  The  far- 
ther away  we  are  from  an  object, 
the  smaller  it  appears  to  be. 

Developing  the  Lesson:  Introduce  the 
lesson  by  asking  how  many  have 
ever  been  near,  or  ridden  on, 
an  airplane.  Have  them  tell  how 
long  the  airplane  was,  by  compar- 
ing its  length  with  the  length  of 
their  classroom.  Now,  ask  how 
many  have  seen  an  airplane  in  the 
sky. 

How  long  did  it  appear  to  be? 
Why  is  there  such  a difference? 

Have  children  give  many  exam- 
ples of  objects,  such  as  trees  and 
houses,  that  appear  smaller  than 
they  actually  are  when  seen  from 
a distance. 


USING  THE  SCIENTIST’S  WAY* 


Cover  a small  ball  with  aluminum  foil. 
Hold  the  ball  above  you,  as  you  see  in  the 
picture.  Make  believe  that  the  ball  is  the 
moon  and  that  you  are  the  earth. 

Have  someone  turn  on  a lamp  behind 
you.  Make  believe  the  lamp  is  the  sun. 
Turn  out  all  the  other  lights  in  the  room. 
Can  you  see  light  reflected  by  the  ball? 

In  the  same  way,  the  real  moon  reflects 
some  of  the  light  from  the  sun. 

=!=  Models  are  used  by  scientists  to  explain  things. 


Is  the  Moon  As  Big  As  the  Sun? 

When  you  see  the  moon  and  sun  in  the 
sky,  the  moon  seems  to  be  about  as  big  as  the 
sun.  But  the  sun  is  really  much  bigger  than 
the  moon. 

The  moon  seems  as  big  as  the  sun  because 
the  moon  is  much  closer  to  the  earth  than  the 
sun  is.  Often  smaller  things  that  are  close 
to  us  seem  to  be  as  big  as  larger  things  that 
are  far  away. 
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USING  THE  SCIENTIST’S  WAY 


* 


Cut  out  a big  round  piece  of  paper, 
about  two  feet  across.  Use  a clear  tape  to 
hold  the  paper  to  the  wall. 

Then  cut  out  a smaller  paper  circle  that 
is  about  five  inches  across.  Go  to  the  other 
side  of  the  room  and  hold  the  smaller  piece 
of  paper  in  front  of  you. 

Does  the  smaller  piece  of  paper  seem  as 
big  as  the  larger  one? 

In  the  same  way,  the  moon  seems  as 
big  as  the  sun  because  the  moon  is  so  much 
closer  to  the  earth. 


* Scientists  test  their  ideas  by  trying  them  out. 


Now  have  them  draw  circles  on 
paper  to  show  how  large  the 
moon  and  the  sun  appear  to  be. 
The  circles  will  probably  be  about 
the  same  size. 

Does  this  mean  that  the  sun  and 
the  moon  are  really  the  same 
size? 

In  the  activity  with  the  two  paper 
circles,  the  child  making  the  ob- 
servation should  cover  one  eye 
and  focus  on  the  larger  circle 
across  the  room.  With  the  dimen- 
sions and  distance  given,  the 
smaller  circle  will  appear  much 
larger  than  the  other  one.  A closer 
approximation  may  be  obtained 
using  a large  coin  instead  of  the 
5-inch  circle. 

Follow-Up;  Have  children  measure 
the  apparent  heights  of  each  other 
at  varying  distances.  Let  the  chil- 
dren hold  a ruler  in  front  of  them 
with  the  top  end  even  with  the 
top  of  the  other  person's  head, 
and  the  thumb  of  the  holding 
hand  at  the  point  on  the  ruler  that 
corresponds  to  the  position  of  the 
feet.  Have  an  observer  take  meas- 
urements at  distances  of  10  feet, 
15  feet,  20  feet,  25  feet,  and  30  feet. 
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. ACHING  SUGGESTIONS 
(pp.  44-45) 


• LESSON;  Which  star  is  which? 

Background:  The  Big  Dipper  is  also 
called  Ursa  Major,  or  the  Big  Bear. 
The  Little  Dipper,  Ursa  Minor,  is  a 
faint  constellation  of  stars  and  is 
difficult  to  locate. 

It  is  most  easily  seen  when  the 
observer  is  far  from  city  lights  and 
when  atmospheric  conditions  are 
favorable. 

In  the  Northern  Hemisphere  skies, 
stars  appear  to  rotate  counter- 
clockwise around  the  North  Star. 
The  North  Star,  also  called  Polaris, 
does  not  apear  to  move  apprecia- 
bly. Stars  to  the  east  appear  to 
move  upward  from  the  horizon, 
while  those  to  the  west  seem  to 
move  downward.  In  the  Southern 
Hemisphere  skies,  the  stars  seem 
to  move  from  east  to  west.  All 
these  apparent  motions  are  a con- 
sequence of  the  earth's  daily  rota- 
tion. 

There  are  89  constellations  in  all, 
and  they  are  used  by  modern 
astronomers  in  identifying  the  lo- 
cation of  stars.  For  example,  the 
brightest  star  in  the  constellation 
Lyra  (harp)  is  Alpha  Lyrae.  The 
brightest  star  in  the  constellation 
Aquila  (eagle)  is  Alpha  Aquilae. 
The  second  brightest  star  in  the 


Which  Star  Is  Which? 


Long  ago  people  thought  groups  of  stars 
looked  like  pictures.  We  call  such  groups 
constellations  (kon-stuh-L A Y -shunz) . 

One  of  the  constellations  is  the 

Big  Dipper.  These  stars  look  like  a big 
pan  with  a long  handle. 

There  are  many  other  constellations 
in  the  sky.  One  constellation  looks  very 

much  like  the  Big  Dipper.  But  it  is  smaller. 
This  other  constellation  is  called  the 

Little  Dipper.  One  of  the  stars  in  the 
Little  Dipper  is  called  the  North  Star. 

■/AY 

The  North  Star  is  always  in  the  north. 
Look  at  the  stars.  You  will  see  that  all  of 
them  except  the  North  Star  seem  to  move 
across  the  sky.  Long  ago,  sailors  used  it  to 
find  their  way  across  the  seas.  When  the 
sailors  pointed  toward  the  North  Star, 
they  were  pointing  north. 

You  will  find  that  the  stars  in  the  bowl 

of  the  Big  Dipper  point  to  the  North  Star. 

■-i=  Careful  observation  is  the  scientist’s  way. 


constellation  of  Gemini  (twins)  is 
Beta  Geminorium. 

Several  constellations  that  may  be 
seen  around  the  North  Star 
throughout  the  year  include  Ursa 
Major  (Big  Bear),  Ursa  Minor 
(Little  Bear),  Draco  (the  dragon), 
Andromeda  (a  figure  in  Greek 
legend),  and  Cassiopeia  (Andro- 
meda's mother). 

Learnings  to  Be  Developed: 

Stars  are  arranged  in  groups  called 
constellations. 

Since  the  North  Star  does  not  ap- 
pear to  move,  it  can  be  used  in 
locating  north. 

The  Big  Dipper  is  easily  located 
in  the  night  sky,  and  it  in  turn  can 
be  used  to  locate  the  North  Star. 

Developing  the  Lesson:  Introduce  the 
lesson  by  asking  if  any  children 
have  ever  imagined  that  clouds 
looked  like  familiar  objects.  Some- 
times a billowy  cloud  may  resem- 
ble the  head  of  an  animal.  At 
other  times  one  may  imagine  that 
a certain  cloud  formation  looked 
like  a castle.  Go  from  here  to  the 
text. 


TEACHING  SUGGESTIONS 

(pp.  46-47) 

• LESSON:  Where  are  the  stars  in 
the  daytime? 

Learnings  to  Be  Developed: 

There  are  stars  in  the  sky  at  all 
times. 

Stars  are  not  visible  in  the  daytime 
because  the  sun  lights  the  sky  so 
brightly. 

Developing  the  Lesson:  Introduce  this 
lesson  by  asking  how  many  have 
ever  seen  a star  in  the  sky  during 
the  daytime.  Remind  them  to  think 
of  the  sun.  Recall  the  idea  devel- 
oped on  page  38:  “The  sun  ap- 
pears brighter  than  other  stars 
because  we  are  nearer  to  it." 

Some  might  mention  that  they 
have  seen  bright  "stars"  in  the 
evening  before  it  was  dark.  These 
are  actually  planets.  The  most 
prominent  one  is  Venus,  which 
we  see  from  time  to  time  as  an 
evening  or  morning  star. 

• How  many  have  seen  the  moon 
in  the  daytime  sky. 

• How  is  the  moon's  daytime 
appearance  different  from  its 
appearance  at  night? 

• Why  does  it  not  appear  so 
bright?  (Because  the  sky  is  lighted 
all  over  by  the  sun.) 


Where  Are  the  Stars 
in  the  Daytime? 


On  a clear  night,  the  sky  seems  filled  with 
stars.  But  where  are  they  in  the  daytime? 
Do  they  go  away?  Do  they  stop  shining? 


USING  THE  SCIENTISTS  WAY 


You  can  also  use  a flashlight  Put  a lamp  on  a table  in  your  classroom 
for  this  activity.  Then  turn  off  all  the  other 

hghts  in  the  room.  Cover  the  windows  so 
that  no  sunlight  can  come  into  the  room. 

Make  believe  that  the  lamp  is  a star. 
Can  you  see  the  star  very  well? 

Now  turn  on  all  the  lights  in  the  room. 
Uncover  the  windows.  Hold  the  lamp  near 
the  window.  Can  you  see  the  lamp  well? 

The  scientist  tries  out  his  ideas  lo  see  if  they  work. 
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In  the  same  way,  you  can  see  the  stars 
very  well  when  your  side  of  the  earth  turns 
away  from  the  sun.  Then  the  sky  is  dark. 

But  when  your  side  of  the  earth  turns 
toward  the  sun,  it  is  daytime  where  you  are. 
Then  you  cannot  see  the  stars  because  the 


Lines  repi'esent  Ugh,  reys  from  thu 
~hey  h'^vel  si  chpht  i'rrs.  '^hsr-ho  'e 
none  re^ich  h'e  sidb  n;  me  ea/  V-  net 
facing  :he  ^im. 


Next  discuss  the  questions  in  the 
text.  Encourage  the  children  to 
refer  to  their  proposed  answers  as 
hypotheses.  Get  children  in  the 
habit  of  using  the  term  "hypoth- 
esis" in  this  context. 


sun’s  light  is  so  bright. 


In  the  suggested  activity,  focus 
attention  on  the  brightness  of  the 
lamp.  In  the  darkened  room  the 
lighted  lamp  will  appear  bright, 
but  when  seen  in  relation  to  sun- 
light it  will  be  almost  unnotice- 
able. 


More  obvious  results  will  be  ob- 
tained if  a small  1.5-volt  lamp  is 
used  to  represent  the  star.  When 
seen  against  the  sun's  light,  the 
lamp  will  not  appear  to  be  shin- 
ing at  all. 


Follow-Up: Set  up  two  1.5-volt  lights 
and  a 100-watt  bulb  as  in  the  dia- 
gram, and  place  an  observer  be- 
tween them.  Tell  him  to  look 
toward  the  "sun"  (the  100-watt 
bulb).  Does  he  see  the  "star"?  Tell 
him  to  look  in  the  opposite  direc- 
tion. Is  the  "star"  visible? 


■3  feet — ► 
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■3  feet — » 


(pp.  48-51) 


LESSON:  How  do  scientists  learn 
about  the  sky? 

Background:  Astronomers  seldom 
study  stars  and  other  objects  by 
observing  them  directly  through  a 
telescope.  More  often,  they  use  the 
telescope  to  obtain  photographs 
of  the  objects  in  which  they  are 
interested.  There  are  many  advan- 
tages to  this  method;  Astrono- 
mers can  make  a detailed  study 
of  the  object  during  times  when 
it  may  not  be  visible  through  a 
telescope;  photographic  films  can 
be  made  that  are  much  more  sen- 
sitive to  certain  wavelengths  of 
light  than  the  human  eye;  and 
cameras,  attached  to  the  big  tele- 
scopes, can  follow  a faint  star  for 
several  hours,  picking  up  enough 
light  to  produce  a clearer  picture 
of  it  than  could  ever  be  obtained 
by  the  human  eye. 

The  photographs  on  page  48  show 
a galaxy  and  a view  of  the  planet 
Mars. 

Learnings  to  Be  Developed: 

Telescopes  make  objects  in  the 
sky  appear  nearer  and  thus  reveal 
many  aspects  of  the  object. 

Rockets  carry  instruments  and 
people  into  space  so  that  objects 
in  the  sky  can  be  observed  more 
clearly. 


How  Do  Scientists  Learn 
About  the  Sky? 

People  have  always  been  curious  about 
the  sky.  They  learned  a great  deal  about 
the  sky.  But  they  had  no  tools  to  help 
them  see  the  faraway  things  in  the  sky. 

Today,  scientists  use  telescopes  to  make 
these  faraway  things  in  the  sky  seem  much 
closer.  Scientists  often  take  pictures  through 
telescopes.  Here  are  some  pictures  that 
were  taken  with  the  help  of  telescopes. 


Mars 


Galaxy 


Scientists  also  have  other  ways  to  learn 
about  the  universe.  One  of  these  ways  is 
to  send  rockets  into  the  sky.  Cameras  on 
rockets  can  take  pictures  of  the  sky  and 
the  earth.  Here  is  a picture  of  the  earth 
taken  from  rockets. 

See  annotation  on  page  30.  Note  in  the  above  picture  the  increased  distanr:  :,f  -^h- 
horizon. 


Rocket  engines  must  be  very 
powerful  to  overcome  the  pull  of 
gravity. 

Developing  the  Lesson:  In  prepara- 
tion for  this  lesson,  review  the 
material  on  telescopes  on  page  34. 

Obtain  a copy  of  the  Life  Nature 
Library  volume  The  Universe.  Find 
some  of  the  spectacular  photo- 
graphs of  stars,  nebulae,  and  gal- 
axies. 

Children  may  have  difficulty  in 
appreciating  what  the  picture  on 
page  49  represents.  Use  the  globe 
to  demonstrate  that  the  picture 
was  taken  from  a position  many 
miles  above  the  earth.  Show  them 
that  the  line  across  the  top  of  the 
picture  represents  the  curved  sur- 
face of  the  earth. 

Would  there  be  a line  here  if 

the  earth  were  flat? 

It  wasn't  until  pictures  such  as  this 
one  were  taken  from  rockets  that 
we  had  indisputable  evidence  of 
the  curvature  of  the  earth's  sur- 
face. However,  we  had  long  ac- 
cepted the  fact,  based  on  other 
evidence,  that  the  earth  was  a 
sphere.  This  evidence  included 
the  fact  that  as  ships  sail  from  a 
port,  the  hull  disappears  from 
view  before  the  mast  does.  Fur- 
thermore, at  sea,  one  can  see 
farther  over  the  horizon  when  he 
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climbs  to  the  crow's  nest  than 
when  he  is  on  the  deck. 

Discuss  why  rockets  are  some- 
times used  to  take  pictures  of  the 
sky.  Help  children  understand  that 
earth-based  astronomers  can  ob- 
serve the  skies  only  when  the 
atmosphere  is  clear.  They  send 
rockets  high  above  the  clouds  so 
that  clear  pictures  may  be  ob- 
tained. 

Children  will  enjoy  hearing  about 
"Skyhook,"  a telescope  carried 
aloft  by  balloon  to  take  pictures 
of  the  sun  from  far  above  the 
earth.  When  the  balloon  de- 
scended, scientists  had  a fine  rec- 
ord of  new  information  about  the 
sun's  atmosphere. 

The  term  "satellite"  is  introduced 
here  for  the  first  time.  Help  chil- 
dren understand  that  satellites  are 
not  limited  to  objects  orbiting  the 
earth.  The  dictionary  defines  satel- 
lite as;  "A  celestial  body  orbiting 
another  of  large  size;  a man-made 
object  or  vehicle  intended  to  orbit 
the  earth,  the  moon,  or  another 
celestial  body."  By  this  definition 
the  earth  is  a satellite  of  the  sun, 
and  the  moon  is  a satellite  of  the 
earth.  Mars  has  two  satellites  or 
moons,  Jupiter  twelve,  Saturn 
nine,  Uranus  five,  and  Neptune 
two. 


Astro  means  “star,"  and  naut 
means  “sailor."  Russians  call 
their  space  explorers  Cosmo- 
nauts. Cosmo  means  “world." 
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Sometimes  the  rockets  are  made  in 
a way  that  will  keep  them  going  around 
and  around  the  earth.  Such  rockets 
are  called  satellites  (SAT-uh-ly ts) . These 
satellites  make  orbits  around  the  earth. 

The  people  who  travel  in  spacecraft 
sent  up  by  rockets  are  called  astronauts. 
They  help  scientists  to  learn  about  the  sky. 
Scientists  learn  from  the  astronauts  how 
people  can  live  in  space,  far  from  the  earth. 


Scientists  are  learning  how  much  food 
and  air  will  be  needed.  Scientists  are 
learning  what  kinds  of  clothes  people  who 
travel  in  spaceships  will  need  to  wear. 
Scientists  are  also  learning  how  people  will 
feel  so  far  away  from  the  earth. 

It  is  very  hard  to  send  a rocket  into 
the  sky,  because  the  earth  pulls  on  the 
rocket.  The  earth’s  strong  pull  is  called 
gravity  (GRAV-uh-tee).  Gravity  pulls 
everything  toward  the  middle  of  the  earth. 


USING  THE  SCIENTIST'S  WAY 


Jump  a short  way  off  the  ground.  Do 
you  come  right  back  down  again? 

Now  jump  off  the  ground  as  high  as  you 
can.  Push  hard  with  your  legs.  Do  you 
still  come  right  back  down  again? 

You  see  how  hard  it  is  for  you  to  move 
away  from  the  earth.  A rocket  is  much 
bigger  than  you  are.  A rocket  has  to  push 
much  harder  to  move  away  from  the  earth. 
Can  you  think  of  other  ways  to  show 
gravity  in  action? 


Although  the  jumping  activity 
seems  to  be  a relatively  simple 
one,  it  is  desirable  that  children 
do  it  in  order  to  appreciate  the 
fact  that  when  they  jump,  they 
are  pushing  against  the  force  of 
gravity.  Record  the  weights  of 
each  child  and  explain  that  their 
weights  actually  represent  the 
force  with  which  gravity  is  pulling 
on  them.  If  a boy  weighs  80 
pounds,  gravity  is  pulling  upon  his 
body  with  a force  of  80  pounds. 
For  him  to  be  able  to  jump  off  the 
ground,  his  legs  have  to  push  his 
body  upward  with  a force  of  80 
pounds. 

Some  of  the  big  rockets  weigh  as 
much  as  a million  pounds.  The 
rocket  engine  must  produce  a 
force  of  that  magnitude  just  to 
get  the  rocket  off  the  ground, 
the  force  must  be  far  greater  to 
carry  it  into  space. 

Here  are  other  examples  of  grav- 
ity in  action:  When  an  airplane 
takes  off,  the  lifting  force  must  be 
greater  than  the  total  weight  of 
the  plane  and  its  load.  Skiers  are 
carried  to  the  top  of  the  run  by  a 
ski  lift,  which  must  carry  them  up 
against  the  pull  of  gravity.  How- 
ever, when  they  start  down  the 
ski  run,  the  force  of  gravity  pulls 
them  to  the  bottom. 


PATHFINDERS  IN  SCIENCE 


TEACHING  SUGGESTIONS 

(pp.  52-53) 

• LESSON:  Why  was  Nicolaus  Co- 
pernicus a pathfinder  in  science? 

Background:  The  long-time  belief 
that  the  earth  was  the  center  of 
the  universe  is  called  the  geocen- 
tric theory.  Ptolemy  (c.  150  a.d.), 
a Greco-Egyptian  astronomer, 
first  elaborated  on  the  geocentric 
theory  of  the  universe.  He  be- 
lieved that  everything  in  the  skies 
rotated  around  the  earth.  His  doc- 
trine, the  Almagest,  was  accepted 
for  more  than  a thousand  years. 

The  Copernican  notion  of  a helio- 
centric, or  sun-centered,  universe 
differed  from  that  of  Ptolemy. 
Copernicus  viewed  the  planets  as 
moving  around  the  sun  in  perfect 
circles.  But  during  Copernicus' 
time  there  was  no  observational 
evidence  giving  more  support  to 
one  theory  than  to  the  other. 

Learnings  to  Be  Developed: 

Scientists  search  for  explanations 
of  what  they  observe. 

Nicolaus  Copernicus  was  a path- 
finder in  science  because  he  found 
a better  explanation  of  why  celes- 
tial objects  appear  to  move  as 
they  do. 

People  find  it  difficult  to  give  up 
old  ideas  for  new  ones,  even  when 
the  new  ones  are  better. 


Nicolaus  Copernicus 

(1473-1543)  POLAND 

As  you  look  at  the  sky  at  night, 
you  can  see  the  moon,  the  stars, 
and  the  planets.  It  seems  as  if 
the  earth  is  at  the  center  of  the 
universe.  It  seems  as  if  everything 
in  the  sky  moves  around  the  earth. 
In  the  daytime,  it  also  seems  as  if 
the  sun  moves  around  the  earth. 

For  hundreds  of  years,  people 
believed  that  the  earth  did  not 
move.  They  believed  that  the 
earth  was  at  the  center  of  things. 
They  believed  that  the  sun,  moon, 
stars,  and  planets  moved  around 
the  earth. 

But  about  400  years  ago  some 
people  who  watched  the  skies 
began  to  make  discoveries.  They 
observed  many  things  that  did  not 
fit  in  with  the  idea  of  our  earth  as 
the  center  of  the  universe.  They 
discovered  more  about  how  far 
away  the  sun  and  stars  are.  They 
knew  that  faraway  things  seem  to 


52 


move  very  slowly  even  when  they 
are  going  fast.  They  knew  that 
when  we  are  moving,  things  look 
different  to  us  than  when  we  are 
standing  still.  For  example,  when 
you  ride  on  a merry-go-round  the 
crowd  seems  to  whirl  by  you. 


r.'  /s  the  geocentri  - (ear-h-C'^mered] 
mode'  fo  ■ 5 i-nv 


An  astronomer  named  Nicolaus 
Copernicus  (koh-PER-nih-kuss)  did 
much  reading,  thinking,  and 
observing  about  the  new 
discoveries.  He  searched  for  a 
new  idea  to  explain  what  happens 
in  the  sky.  He  wanted  the  new 
idea  to  explain  all  the  things,  new 
and  old,  that  were  known.  In 
1543,  he  published  a book  about 
his  new  idea.  He  surprised  many 
people  by  saying  that  the  sky  does 
not  move.  Rather,  he  said,  the 
earth  turns  on  its  axis  and,  at  the 
same  time,  makes  an  orbit  around 
the  sun.  He  showed  that  planets 
other  than  the  earth  also  go 
around  the  sun. 

Copernicus  did  his  work  without 
a telescope.  Yet  much  of  his  work 
is  still  accepted  even  after  four 
hundred  years.  Copernicus  was  a 
pathfinder  who  changed  man's 
thinking  about  the  universe. 


Developing  the  Lesson:  Introduce  this 
lesson  by  asking  if  anyone  can  re- 
call having  believed  something  at 
one  time  and  then  finding  out  that 
it  was  not  true.  Emphasize  the  fact 
that  people  often  find  it  difficult 
to  give  up  old  ideas  for  new  ones. 
You  might  tell  the  story  about 
how  people  at  one  time  believed 
that  worms  were  formed  from 
rotting  meat.  They  believed  this 
because  they  saw  worms  coming 
out  of  rotten  meat.  Actually,  the 
worms  were  the  larvae  (maggots) 
of  flies  that  had  laid  their  eggs  on 
the  meat. 

Point  out  that  it  took  a great  deal 
of  courage  for  Copernicus  to  ad- 
vance the  idea  that  the  earth  re- 
volves around  the  sun,  since  this 
idea  was  contrary  to  popular 
belief. 

Emphasize  that  Copernicus  was 
well  acquainted  with  the  move- 
ments of  celestial  bodies,  particu- 
larly the  planets,  as  they  appeared 
from  the  earth.  In  other  words,  he 
had  knowledge.  He  also  spent  a 
good  deal  of  time  thinking  about 
the  problem.  He  also  had  imagi- 
nation. And,  once  he  believed  that 
he  had  the  right  idea,  he  had  the 
courage  to  state  it.  Knowledge, 
thinking  ability,  imagination,  and 
courage  are  some  of  the  more  im- 
portant characteristics  of  produc- 
tive scientists. 
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Using  What  You  Have  Learned 


TEACHING  SUGGESTIONS 

(pp.  54-55) 

• LESSON:  How  are  models  used  ■ 
in  science? 

Learnings  to  Be  Developed: 

Models  are  used  in  science  to  help 
make  ideas  more  understandable. 

The  planets  range  in  size  from 
Mercury,  which  is  about  3,000 
miles  in  diameter,  to  Jupiter, 
which  is  about  88,000  miles  in 
diameter. 

Developing  the  Lesson:  The  main  pur- 
pose of  this  lesson  is  to  help  chil- 
dren get  a better  visual  concept  of 
the  relative  sizes  of  the  planets. 
It  also  provides  additional  experi- 
ence in  following  written  instruc- 
tions. And  finally,  it  provides 
better  understanding  of  how 
models,  such  as  the  one  to  be 
constructed,  can  be  used  to  clarify 
ideas. 

The  activity  has  been  designed  to 
produce  a model  solar  system  to 
scale.  The  scale  is  1 inch  = 32,000 
miles.  The  diameters  of  the  dif- 
ferent planets  in  miles,  and  their 
approximate  scaled  diameters, 
are  listed  here: 


1.  You  can  learn  more  about  some  of 
the  constellations.  Try  to  find  books  about 
the  constellations.  Draw  pictures  of  the 
constellations  that  you  find.  See  if  you 
can  find  these  constellations  in  the  sky 
at  night. 

2.  Maybe  someone  in  your  town  will  let 
you  use  his  telescope  or  pair  of  binoculars 
(bih-NOK-yuh-lerz).  Use  the  telescope  or 
binoculars  to  look  at  the  moon.  Draw  a 
picture  of  what  you  see. 


3.  Write  a story  about  the  astronauts. 
Tell  how  they  are  trying  to  get  to  the  moon. 
Tell  what  clothes  the  astronauts  wear  when 
they  go  in  the  spacecraft  attached  to 
rockets.  Tell  what  foods  the  astronauts  eat. 
Tell  how  they  move  inside  the  spacecraft. 
Try  to  use  good  sources  for  your  story. 


W.iie  to  the  National  Aeronautics  and  Space  Administration  for  their  NA^A 
bulletin  Vol.  4,  No.  8,  entitled  "Manned  Space  Flight— rroieots  Mercury  and  Gc,  .:i: 


Mercury 

3,100 

Vs  inch 

Venus 

7,700 

V4  inch 

Earth 

7,927 

V4  inch 

Mars 

4,220 

Vs  inch 

Jupiter 

88,770 

2V4  inches 

Saturn 

74,200 

2V4  inches 

Uranus 

32,400 

1 inch 

Neptune 

30,900 

1 inch 

Pluto 

3,700 

Vs  inch 

This  scale  cannot  be  used  to  rep- 
resent the  distances  of  the  planets 
from  the  sun.  Since  the  average 
distance  of  the  earth  from  the 
sun  is  93,000,000  miles,  by  this 
scale  (1  inch  = 32,000  miles)  the 
earth  would  have  to  be  3,000 
inches,  or  250  feet,  from  the  sun. 
Pluto  is  3,670,000,000  miles  from 
the  sun.  On  the  model  it  would 
be  about  100,000  inches,  more 
than  8,000  feet  or  a mile  and  a half 
away  from  the  sun. 

After  the  children  have  finished 
their  model,  take  some  time  to 
discuss  the  relative  sizes  of  the 
sun  and  the  planets. 

Discuss  what  the  model  shows 
and  what  it  does  not  show. 
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WHAT  YOU  KNOW  ABOUT 


T'^ACHSN'^  SUGGESTIONS 

(pp.  56-57) 

Background:  These  two  pages  con- 
stitute a review  of  the  concepts 
and  terminology  introduced  in 
this  unit. 

What  You  Have  Learned:  This  is  a Sum- 
mary of  the  entire  unit,  with  new 
words  in  boldface  type. 

Checklist  of  Science  Words:  Remind 
the  pupils  that  there  is  a Diction- 
ary of  Science  Words  on  pages 
227-234.  They  should  consult  this 
dictionary  whenever  they  are  un- 
sure of  the  precise  meaning  of  a 
word. 


What  You  Have  Learned 

The  star  called  the  sun  and  its  nine  orbiting 
planets  make  up  the  solar  system,  which  is  part  of 
the  Milky  Way  Galaxy.  There  are  millions  of  galaxies 
in  the  universe. 

The  earth  turns  on  its  axis  as  it  orbits  the  sun.  The 
moon  reflects  sunlight  while  orbiting  the  earth. 

Scientists  use  telescopes  to  look  at  the  sky  and 
see  constellations  such  as  the  Big  Dipper.  The 
North  Star  is  part  of  the  Little  Dipper. 

Astronauts  travel  in  the  sky  in  spacecraft  sent  up 
by  rockets.  Rockets  and  spacecraft  that  orbit  the 
earth  are  called  satellites. 

Checklist  of  Science  Words 

Here  are  some  science  words  you  read  about  in  this 
unit.  Can  you  tell  what  you  have  learned  about 
each  one? 

astronaut  ellipse  orbit  rocket 

axis  gravity  planet  telescope 

Big  Dipper  North  Star  reflect  universe 
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Yes  or  No? 

Number  a page  in  your  notebook  from  1 to  5.  For 
each  sentence  that  seems  true,  write  Yes  on  yom* 
paper.  For  each  sentence  that  does  not  seem  true, 
write  No. 

1.  Satellites  help  scientists  learn  about  the  sky. 

2.  The  Milky  Way  Galaxy  has  ten  stars  in  it. 

3.  The  planet  earth  is  part  of  the  solar  system. 

4.  The  sun  orbits  the  earth. 

5.  The  North  Star  is  part  of  the  Little  Dipper 
constellation. 


Yes  or  No? 

1.  Yes 

2.  No 

3.  Yes 

4.  No 

5.  No 

Using  Science  Words 

1.  universe 

2.  star 

3.  gravity 

4.  planet 

5.  orbit 


Using  Science  Words 

Number  a page  in  your  notebook  from  1 to  5. 
Fill  in  the  right  word  for  each  sentence. 

gravity  orbit  planet  star  universe 

1.  The  ? is  made  up  of  everything  there  is. 

2.  The  sun  is  a ? 

3.  The  earth’s  strong  pull  is  called  ? 

4.  The  earth  is  a ? 

5.  Each  of  the  planets  makes  an  ? around 
the  sun. 
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TEACHING  SUGGESTIONS 

(pp.  58-59) 


YOU  CAN  LEARN  MORE  ABOUT 


Background:  These  pages  reinforce 
the  concepts  presented  in  the  unit 
by  suggesting  activities  that  extend 
the  pupil's  ability  to  apply  the 
learnings  derived  from  the  unit. 

A Trip  to  the  Moon:  This  activity 
could  be  used  at  the  time  the  text 
material  on  pages  48-51  is  studied. 
Franklyn  M.  Branley's  What  the 
Moon  Is  Like  (Thomas  Y.  Crowell 
Company,  New  York,  N.Y.,  10003)  J 
will  be  helpful  in  preparing  for  J 
this  activity.  It  tells  about  such  I 

things  as  the  shape  of  the  moon,  | 
what  its  surface  is  like,  how  man  ; 
will  be  able  to  keep  warm  on  the 
moon,  its  gravitational  force,  and 
why  scientists  want  to  send  peo- 
ple to  the  moon. 

In  planning  the  trip  consider  the 
following  questions: 

’ How  many  people  will  go? 

’ What  kind  of  clothing  should 
they  wear? 

* How  long  will  they  be  away  from 
the  earth? 

* What  will  they  do  on  the  moon? 

Build  a Constellarium:  The  COnStella- 
rium  provides  an  opportunity  for 
children  to  find  out  more  about 
the  names  and  configurations  of 
the  different  constellations.  In  ad- 
dition to  the  constellations  already 


The  Sky  Above 


A Trip  to  the  Moon 

Everyone  in  your  class  can  plan  a 
make-believe  trip  to  the  moon.  Some 
of  the  pupils  in  the  class  can  find  out 
what  foods  are  needed.  Other  pupils 
can  make  a model  rocket.  The 
picture  shows  a model  of  a space 
helmet  made  from  a paper  bag  and 
some  cellophane. 

You  Can  Read 

1.  The  Big  Dipper  by  Franklyn  M. 
Branley.  This  book  tells  about  the 
Big  and  Little  Dippers. 

2.  The  True  Book  of  Moon,  Sun  and 
Stars  by  John  Lewellen.  This  book 
tells  more  about  gravity  and  how  the 
earth  turns. 

3.  What  Is  a Solar  System?  by 
Theodore  W.  Munch.  Read  about 
what  scientists  have  learned  about 
the  solar  system. 

For  pupils  who  want  to  know  more, 
be  particularly  helpful. 
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Encourage  children  to  come  up  with  many 
different  designs.  Caution  ;hem  about  using 
plastic  bags  such  as  those  dry  cleaners  :'se  in 
cohering  garments. 


Flashlight 


1.  An I is  the  path  that  the 

earth  makes  around  the  sun. 

2.  Nine I orbit  the  sun. 

3.  The  sun  and  nine  planets  are 

called  the 1 ^ 

4.  A 1 makes  faraway 

things  in  the  sky  seem  closer. 


AROLS  SYSMET 
BITOR 
EPOCSTEEL 
STENALP 


Build  a Constellarium 

Use  aluminum  foil  to  cover  the 
inside  of  a cardboard  shoe  box. 

Tape  down  the  lid  of  the  box.  At  one 
end  of  the  box,  cut  a hole  that  is  big 
enough  for  a flashlight.  In  the  middle 
make  a slit.  Cut  out  the  other  end  of  the 
box. 

For  each  of  the  stars  in  a 
constellation,  punch  a hole  in  a sheet 
of  black  cardboard.  Then  put  the 
sheet  into  the  slit  and  shine  the 
flashlight  on  it. 

* This  activity  can  be  used  as  a game  in  learning  m identify  some  of  the  constellations. 
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discussed,  have  your  pupils  pre- 
pare sheets  of  black  paper  to 
show  the  12  constellations  of  the 
zodiac:  Aries,  Taurus,  Gemini, 
Cancer,  Leo,  Virgo,  Libra,  Scorpio, 
Sagittarius,  Capricornus,  Aquarius, 
and  Pisces.  These  constellations 
form  a ring  in  the  sky  that  is  very 
near  the  plane  of  the  earth's  orbit 
around  the  sun.  (The  sun  seems  to 
move  past  the  12  zodiac  constel- 
lations each  year.  The  way  in 
which  the  constellations,  which 
can  be  seen  just  before  sunrise  or 
just  after  sunset,  change  is  evi- 
dence of  this  apparent  motion. 
The  sun  appears  to  be  changing 
its  position,  month  after  month 
through  the  year,  because  the 
earth  is  revolving  around  it.)  Her- 
bert Zim's  Stars  will  be  extremely 
helpful  in  preparing  a black  card- 
board slide  for  each  of  the  con- 
stellations. 

Guess  the  Word:  Extend  the  activity 
by  having  children  write  sentences 
using  each  of  the  following  words 
in  scrambled  letters:  ellipse,  gal- 
axy, universe,  planetarium,  axis, 
moon,  sun,  constellation.  North 
Star,  Big  Dipper,  rocket,  satellite, 
astronaut,  gravity,  Copernicus. 

You  Can  Read:  Here  is  another  chil- 
dren's book  related  to  this  unit: 
Gravity  All  Around,  by  Trillie  S. 
Pine  and  Joseph  Levine,  48  pp. 
(Whittlesey  House,  McGraw-Hill 
Book  Company,  1963.) 


The  dark  side  of  the  earth,  partially  Illuminated  by  the  moon,  with  the  sun  at  lower  left. 


KEY  CONCEPTS 

Key  Concept  1.  Events  in  the  nat- 
ural environment  happen  in  an 
orderly  rather  than  a haphazard 
way;  man  searches  for  laws  to 
explain  this  order  by  observing, 
hypothesizing,  checking  his  ideas, 
and  rejecting  those  which  do  not 
square  with  reality.  1 

Key  Concept  2.  Lawful  change  is 
characteristic  of  events  in  the  nat- 
ural environment;  although  living 
things  tend  to  produce  living 
things  like  themselves,  over  mil- 
lions of  years  the  earth  and  liv- 
ing things  on  the  earth  have 
changed,  and  diversified  forms  of 
life  have  evolved. 

CONCEPTS: 

1.  The  surface  of  the  earth  is 
being  changed  by  the  action  of 
many  forces. 

2.  Living  things  have  changed. 

3.  Matter  is  anything  that  takes 
up  space.  Even  though  the  form 
in  which  matter  exists  may 
change,  matter  itself  cannot  be 
destroyed. 

4.  The  earth  is  made  up  of  mat- 
ter. 

5.  The  earth  is  made  up  of  four 
parts. 


PROCESSES: 


3 

Other  concepts  appear  under  "Learnings  to  Be  Developed" 
in  each  lesson  found  in  the  Teaching  Suggestions. 

Our  Planet  Earth 


What  You  Will  Find  Out 

For  more  than  a million  years  man  has  lived  on 
the  planet  earth.  He  has  learned  much  about 
it,  as  you  will  too.  You  will  find  out  what  is 
on,  over,  and  even  inside  the  planet  earth. 
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• Questioning — Page  93. 

® Observing — 66,  84,  89. 

Experimenting — 67,  70. 

• Comparing — -66,  83,  89. 

• Inferring — 70,  82. 

• Classifying — 78,  96. 

• Selecting — 89,  93,  97. 

• Communicating — 89,  92,  97. 
Demonstrating — 66,  73. 


TEACHING  SUGGESTIONS 

(pp.  62-66) 

• lessoN:  How  does  the  earth 
change? 

Background:  An  excellent  book  on 
the  surface  of  the  earth,  with  many 
photographs  and  diagrams,  is  Wil- 
liam Thornbury's  Regional  Ceo- 
morphology  of  the  United  States 
(Wiley,  1965). 


Scientists  believe  that  the  earth  has 
changed.  They  say  that  it  was  once 
very  different  from  the  way  it  is  now. 
There  are  many  signs  that  can  help 
scientists  see  changes  in  the  earth. 

How  Does  the  Earth  Change? 


Learnings  to  Be  Developed: 

The  story  of  the  earth  is  a story 
of  change. 

The  surface  of  the  earth  is  changed 
by  water  and  wind. 

Developing  the  Lesson:  Children  may 
not  realize  that  the  process  of 
erosion,  as  described  here,  has 
gone  on  constantly  over  many, 
many  years.  Help  them  to  under- 
stand that  this  kind  of  change  is 
slow,  but  quite  steady. 


Many,  many  years  ago  a farmer  saw  a 
small  crack  in  the  soil  of  his  cornfield.  It 
was  only  a few  inches  deep,  not  very 
wide,  and  about  as  long  as  your  classroom. 

During  the  spring  of  that  year,  it  rained 
very  hard.  The  rain  broke  up  the  soil. 
Slowly,  the  soil  broke  away  from  the 
sides  of  the  crack.  The  crack  got  wider. 


Obtain  pictures  of  flood  damage. 
Discuss  how  the  great  amount 
of  moving  water  makes  rapid 
changes  in  the  crust  of  the  earth. 
Point  out  that  floods  often  cut 
new  river  beds,  and  that  they  also 
carry  huge  amounts  of  soil,  which 
are  later  deposited  far  from  their 
point  of  origin. 

Obtain  a piece  of  plywood  1 foot 
square.  Pack  1 inch  of  soil  evenly 
over  one  face  of  the  board.  With 
their  fingers,  children  can  press  a 


Water  ran  down  along  the  crack,  from 
the  high  ground  to  lower  ground.  Each 
time  there  was  rain,  the  crack  became 
deeper. 

The  years  went  by,  and  the  farmer’s  son  A change  of  this  kind  would 

take  hundreds  of  years. 

took  over  the  farm.  Each  year  the  crack 
became  wider  and  deeper  and  rain  water 
carried  away  more  soil  from  its  sides. 

Years  later  the  farmer’s  grandchildren 
took  over  the  farm.  Their  children  did  not 
see  a crack  in  the  field.  The  crack  had 
become  so  wide  and  deep  that  it  was 
now  a gulley  that  went  to  another  field. 

After  many  more  years,  the  gulley 
turned  into  a stream.  Many  more  years 
passed,  and  the  stream  became  still  wider  and 
deeper.  A part  of  the  earth  had  changed. 


small  groove  in  the  soil  from  one 
side  to  the  other.  Find  a position 
outdoors  where  the  board  will 
not  be  disturbed,  and  mount  the 
board  at  a slight  angle,  with  the 
groove  running  toward  the  ground. 

After  a rain,  take  the  class  out  to 
observe  the  board.  Notice  the 
groove. 

Are  any  changes  evident? 

Do  the  same  after  subsequent 
rains. 

What  happens  to  the  soil  on  the 
board? 

Ice  can  also  change  the  surface 
of  the  earth. 

How  many  of  you  have  seen 
glaciers? 

How  are  glaciers  formed? 

Glaciers  are  found  at  high  alti- 
tudes, where  the  snow  never  com- 
pletely melts  in  the  summer.  The 
snow  packs  thicker  and  thicker 
each  year  and  becomes  so  heavy 
that  it  is  pressed  into  sheets  of  ice, 
called  glaciers.  As  a glacier  be- 
comes heavier,  the  mass  of  ice 
moves  slowly  down  the  moun- 
tain. As  it  moves,  it  scrapes  away 
rocks  and  boulders  in  high  spots 
and  deposits  them  in  other  places. 

A large  region  of  the  northern 
United  States  was  once  covered 
by  an  ice  sheet.  In  communities 


in  this  region,  children  may  take 
local  field  trips  to  see  how  some 
rocks  were  scarred  by  glaciers  and 
others  deposited  in  strange  places, 
and  how  hills  were  worn  away 
by  the  bottom  of  the  ice  sheet. 
Occasionally,  glacial  sinkholes 
were  formed.  These  are  the  pres- 
ent sites  of  many  lakes  in  the 
northern  United  States. 

If  children  live  near  a beach  or  a 
stream,  they  can  collect  pebbles 
to  demonstrate  the  smoothing  and 
polishing  action  of  water.  Occa- 
sionally, they  may  find  a piece  of 
broken  glass  on  which  the  once 
sharp  edges  have  been  made 
smooth  by  the  action  of  water. 
It  is  not  the  water  alone  that 
smooths  the  pebbles,  but  the  rub- 
bing of  the  pebbles  against  each 
other  under  the  force  of  the  water. 
Raise  the  question  of  how  long 
it  would  take  for  the  action  of 
water  to  grind  sharp  rocks  into 
smooth  pebbles.  Someone  might 
like  to  devise  a way  to  find  out, 
by  shaking  small  sharp-edged 
rocks  in  a can  of  water. 

Have  children  find  places  where 
little  deltas  have  formed  on  side- 
walks, from  soil  deposited  by  run- 
off rainwater. 

If  your  school  is  located  near  a 
place  where  rivers  have  been 
dammed  to  form  large  lakes,  chil- 
dren may  have  heard  about  silting. 


The  story  of  our  planet  earth  is  a story 
of  change.  The  earth  is  changing  all  the 
time,  sometimes  slowly  and  sometimes 
quickly. 

Snow  and  ice  can  change  the  earth 
quickly.  They  can  slide  down  a hillside  in 
a great  rush,  carrying  along  with  them 
rocks,  trees,  and  soil.  When  the  slide  is 
over,  the  hillside  has  been  greatly  changed. 
Where  do  the  rocks  go?  Where  does 
the  soil  go? 

Water  changes  the  earth  quickly.  Have 
you  ever  been  at  the  seashore  during  a 
storm?  Giant  waves  hit  against  the  shore. 
The  waves  carry  away  bits  of  rock  and 
sand.  The  shore  is  not  the  same  after 

■ sno'‘'s!:d  mged  i/;.-  place.  Flood  w^-ery  ■/'cashed  away  a sec- 


the  storm.  A part  of  the  earth  is  changed. 

Water  also  changes  the  earth  slowly.  The 
water  in  the  sea  does  not  run  down  into 
another  sea.  It  stays  right  where  it  is. 
Rivers  carry  soil  into  the  sea.  The  soil 
falls  to  the  bottom  of  the  sea  near  the  place 
where  a river  meets  the  sea.  The  soil 
piles  up.  How  will  the  earth  change  where 
the  river  enters  the  sea? 

A change  in  one  part  of  the  earth 
causes  a change  in  another.  Water  can 
slowly  wear  away  the  land  in  one  place 
and  slowly  build  up  the  land  in  another 
place. 

Winds  change  the  earth.  Can  you  think 
how  winds  change  the  earth? 


The  action  of  waves  wears  away  the  rock.  The  action  of  wind-borne  sand  wore  away  this  rock. 


As  river  water  runs  into  a lake,  it 
deposits  most  of  the  fine  soil 
particles  it  is  carrying.  These  par- 
ticles are  called  silt.  As  silt  is  de- 
posited, the  bottom  of  the  lake 
is  built  up.  Eventually,  so  much 
silt  will  be  deposited  that  the 
dam  will  no  longer  be  able  to 
contain  the  water. 

On  a windy  day,  place  a large 
sheet  of  white  construction  paper 
outdoors  in  an  obstructed  posi- 
tion. Hold  the  sides  of  paper 
down  with  rocks  or  strips  of 
wood,  and  pour  a can  of  fine,  dry 
sand  into  the  center.  Make  a 
crayon  mark  around  the  edge  of 
the  sand.  One  hour  later  go  out 
to  observe  the  paper. 

Is  the  sand  changed  in  any  way? 

What  caused  these  changes? 

Return  to  the  paper  periodically 
for  several  hours.  Ask  the  children 
to  describe  and  explain  what  has 
happened. 

The  activity  described  on  pages 
66-67  provides  an  excellent  meth- 
od for  helping  youngsters  under- 
stand that  water  carries  away  soil 
particles.  If  you  have  the  children 
bring  in  samples  of  water  for  this 
experiment,  be  sure  to  shake  the 
bottles  well  before  you  filter 
them,  to  be  certain  that  the  silt 
is  well  mixed  with  the  water,  as 
it  was  in  the  original  sample.  If 
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commercial  filter  paper  is  not 
available,  suitable  filters  may  be 
made  from  white  paper  toweling 
as  shown  here.  After  step  2,  take 
one  outer  thickness  and  pull  it 
away  from  the  rest  of  the  paper. 
The  cone  formed  is  the  filter.  If 
you  can  find  a stream  with  clear 
water,  perform  the  same  activity 
and  compare  the  relative  amounts 
of  silt  that  each  sample  contained. 
Ask  the  children  if  they  know  of 
streams  where  the  water  is  clear 
except  after  a rain. 

• Why  does  water  become  muddy 
after  a rain? 

Performing  the  experiment  with 
the  freezing  water  will  result  in  a 
broken  bottle.  As  the  water  tem- 
perature approaches  the  freezing 
point,  ice  crystals  begin  to  form. 
These  crystals  take  up  more  space 
than  the  free-moving  molecules 
of  water.  As  a result,  water  ex- 
pands as  it  freezes,  and  exerts 
strong  force  on  its  container. 

If  possible,  have  children  deter- 
mine the  freezing  point  of  water 
experimentally.  Place  a room  ther- 
mometer in  a small  can  and  fill 
the  can  with  water.  Place  the 
materials  in  a freezer.  Check  tem- 
peratures every  half  hour  until  ice 
crystals  are  seen. 


Building  a working  model 
to  show  how  something  happens. 


After  a rain,  look  in  the  street  for  a little 
stream  of  water.  Does  the  little  stream 
carry  away  any  soil?  How  does  the  water 
look?  Take  a glassful  of  the  water  and  let 
it  nm  through  a filter  paper . What  is  left 
on  the  paper? 

Does  clear  water  from  a hillside  stream 
have  bits  of  anything  in  it?  If  you  can  find 
some  hillside  water,  filter  it  to  find  out. 

Make  a model  like  the  one  you  see  here. 
Put  sand  and  soil  in  layers.  This  wiU  be 
your  hill.  Have  a “sea”  at  the  edge. 

Make  a small  crack  in  the  hilltop. 
Make  “rain”  fall  on  your  hill  each  day  with 
a sprinkling  can. 

Write  down  how  the  hill  changes  every 
day.  Where  does  the  hill  go? 


You  can  see  how  freezing  water  changes 
the  surface  of  the  earth.  When  water 
freezes,  the  ice  takes  up  more  room  than  the 
water  did. 

Water  may  push  on  things  as  it  freezes. 
Freezing  water  can  push  bits  of  rock  and 
soil.  Freezing  water,  over  long  periods  of 
time,  can  push  great  amounts  of  rock  and 
soil. 

You  can  see  how  freezing  water  pushes 

on  things.  Fill  a flat-sided  medicine  bottle 

with  water.  Screw  on  the  bottle  cap.  Be 

sure  that  the  bottle  is  filled  to  the  top. 

Then  wrap  the  bottle  in  a paper  bag.  Put 

the  bag  into  a freezer  overnight.  Wear 

gloves  to  open  the  bag  the  next  morning. 

What  do  you  find  out  about  the  bottle? 

What  does  this  tell  you  about  freezing  water? 

As  the  water  freezes,  it  expands.  The  ice  will  break  a 
tightly  stoppered  bottle.  The  bag  is  used  to  keep  the 
pieces  together. 

Matter  and  Time 


Scientists  have  a name  for  the  stuff 
of  which  things  are  made.  Scientists  call 
it  matter.  Matter  is  anything  that  takes 
up  space.  Rocks  are  made  of  matter.  Water 
is  made  of  matter.  Air  is  made  of  matter. 
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TEACHING  SUGGESTIONS 
(pp.  67-70) 

• LESSON:  What  happens  to  the 
earth  over  long  periods  of  time? 

Background:  Matter  can  be  defined 
very  simply  as  anything  that  oc- 
cupies space.  We  once  defined 
it  as  “anything  that  has  weight  and 
occupies  space."  However,  while 
it  is  true  that  all  matter  is  attracted 
to  the  earth  by  the  force  of  gravity, 
and  the  force  produces  the  weight 
of  the  object,  it  is  possible  for 
objects  to  become  weightless. 
This  happens  to  astronauts  when 
they  are  orbiting  the  earth.  But 
they  are  still  made  up  of  matter 
and  they  still  occupy  space.  For 
this  reason,  the  weight  attribute 
of  matter  is  now  omitted  in  the 
definition. 

Learnings  to  Be  Developed: 

The  earth  is  made  up  of  matter. 

Matter  is  anything  that  takes  up 
space. 

Matter  exists  in  three  states;  solid, 
liquid,  and  gas. 

Parts  of  the  earth  that  are  dry  land 
today  were  once  covered  by 
oceans. 

Developing  the  Lesson: 

• What  is  the  earth  made  of? 

As  children  make  suggestions,  list 
them  on  the  chalkboard,  and  then 
have  someone  read  the  list  aloud. 


When  he  is  finished,  ask  for  one 
word  that  would  include  all  the 
items  on  the  board.  If  matter  has 
already  been  mentioned  as  some- 
thing the  earth  is  made  of,  ask 
what  one  word  on  the  board 
would  include  all  the  others.  If 
items  such  as  fire,  light,  electricity, 
magnetism,  or  gravity  are  listed, 
point  out  that  these  would  not  be 
included  as  matter.  They  would 
be  included  under  another  word: 
energy.  For  the  time  being,  focus 
the  children's  attention  on  the 
matter  items. 

• What  one  thing  do  all  of  these 
have  in  common!* 

An  understanding  of  the  fact  that 
matter  takes  up  space  may  be 
reinforced  in  several  ways.  Pour 
water  into  a quart  container  until 
it  is  about  three-quarters  full  and 
place  three  or  four  rocks  in  the 
container.  Notice  what  happens. 
Ask  the  children  to  explain  what 
they  observe. 

Blow  up  a balloon  and  tie  the 
neck  so  that  no  air  leaks.  Place 
the  balloon  in  a sink  full  of  water 
and  submerge  it  completely.  Ask 
for  explanations  of  what  happens. 

It  is  important  to  emphasize  the 
statement  in  the  text  that  even 
though  the  form  in  which  matter 
exists  may  change,  matter  itself 
cannot  be  destroyed.  To  clarify 
the  point,  ask  these  questions: 


You  can  see  that  a rock  takes  up  space. 
You  can  see  that  water  takes  up  space. 
It  is  hard  to  see  that  air  takes  up  space, 
because  you  cannot  see  air.  But  try  to  close  a 
car  door  when  all  the  windows  are  closed. 
That  is  hard  to  do  because  the  car  is  full  of 
air.  The  air  in  the  car  is  matter,  and  it 
takes  up  space. 

Hold  an  empty  glass  upside  down. 
It  is  easy  to  move  it  up  and  down  in  the 
air.  But  it  is  hard  to  push  the  empty 
glass  into  a sink  of  water.  What  does 
this  tell  you  about  the  air  in  the  glass? 

Matter  can  change.  Over  a long  time, 
it  may  change  a great  deal.  But  matter 
does  not  disappear.  A big  rock  can  be  broken 
into  small  pieces.  But  even  the  smallest 
piece  takes  up  space.  And  all  the  small 
pieces  together  take  up  the  same  amount 
of  space  that  the  big  rock  took  up. 

Most  changes  in  the  earth’s  matter 
happen  so  slowly  that  you  do  not  know 
they  are  happening.  Scientists  look  for 
signs  of  changes  that  happened  long  ago. 
Have  you  ever  seen  such  signs? 

This  paragraph  introduces  the  idea  that  matter  can  be  neither  created  nor  destroyed 
under  ordinary  conditions. 
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^What  happens  to  a pan  of  water 
when  it  is  boiled  for  a long  time? 
(It  disappears;  it  can  no  longer 
be  seen.) 

When  we  can  no  longer  see  the 
water,  does  this  mean  that  it  has 
been  destroyed?  (No.) 


Some  of  the  mountains  in  Wyoming 
have  steep  sides  made  of  chalk.  Chalk  is 
made  from  the  bodies  of  tiny  sea  animals. 
But  Wyoming  is  far  from  the  sea.  What 
does  this  tell  you  about  Wyoming?  How 
has  the  earth  there  changed? 

Not  long  ago,  an  unusual  rock  was  found 
in  Kansas.  Parts  of  a dead  fish  were 
pressed  into  the  rock.  But  such  a fish  does 
not  live  in  the  seas  today.  What  does 
this  tell  you  about  changes  in  living 
things  on  earth? 

In  New  York  State,  remains  of  corals 
have  been  found  in  the  earth.  Corals  are 
small  sea  animals  that  live  in  warm 
waters,  such  as  the  waters  near  Florida. 
What  does  this  tell  you  about  the  way 
New  York  State  has  changed? 


By  using  a magnif'/ing  glass  you  crn  see  ,0:  fish  in  ::is  rr: . v, 

clearly. 

69 


What  has  happened  to  it? 
(Changed  to  a gas— water  vapor 
—and  is  in  the  air.) 

How  can  you  tell  that  it  is  in  the 
air?  (Place  a cold  object  in  the 
air  above  the  boiling  water;  ob- 
serve condensation.) 

Could  you  ever  grind  something 
so  fine  that  it  would  be  de- 
stroyed? (No.) 

From  this  discussion  of  simple 
changes  in  the  form  of  matter, 
go  on  to  talk  about  the  great 
changes  in  the  form  of  our  earth 
that  have  taken  place  over  the 
centuries.  Point  out  that  during 
the  great  reaches  of  the  prehis- 
toric ages,  various  parts  of  the 
North  American  continent  were 
covered  by  shallow  seas.  It  is  gen- 
erally agreed  that  the  present 
shape  of  the  continent  emerged 
about  25,000,000  years  ago,  dur- 
ing the  Miocene  period. 

Life  on  earth  has  also  undergone 
many  changes.  Fossil  fish,  such  as 
the  one  shown  on  page  69,  tell  us 
that  there  has  been  a change  in 
the  kinds  of  fish  found  on  the 


earth.  Fossil  corals  found  in  New 
York  State  tell  us  that  the  place 
where  they  were  found  was  once 
a part  of  the  sea.  It  tells  us  further 
that  the  climate  was  warmer  there 
then  than  it  is  now. 

Have  children  tell  about  other 
kinds  of  fossils  they  have  seen. 

• What  were  they? 

• Where  were  they  found? 

•How  did  the  fossils  become 
pressed  in  rocks?  (As  fish  or 
other  animals  died  and  became 
buried  in  the  mud  at  the  bottom 
of  the  sea,  more  and  more  of 
the  silt  in  the  water  settled  on 
them.  Over  millions  of  years  the 
sea  bottom  was  built  up  and 
gradually  became  solid  rock.  The 
animal  bodies  were  trapped  be- 
tween layers  of  rock.  Although 
the  bodies  eventually  decom- 
posed, their  impressions  re- 
mained in  the  rock.) 

In  the  activity  described  on  page 
70,  if  the  water  is  poured  into  the 
funnel  too  quickly,  the  air  in  the 
container  becomes  compressed. 
Frequently,  a bubble  of  air  will 
then  pop  up  through  the  water  in 
the  funnel,  allowing  some  of  the 
water  into  the  container.  This 
sequence  of  events  usually  con- 
tinues until  all  the  water  is  in  the 
container,  or  until  some  pressure 
equilibrium  between  the  air  and 
water  is  established. 


USING  THE  SCIENTIST'S  WAY 


All  gases  take  up  some  room.  You  can 
see  for  yourself  that  this  is  so. 

Put  a quart  bottle  on  a table.  The  bottle 
has  some  air  in  it.  The  air  is  a gas.  You 
can  show  how  this  gas  takes  up  room. 

Use  some  moist  clay  to  make  a bottle 
top.  Make  the  bottle  top  big  enough  to 
cover  the  top  of  the  quart  bottle. 

Use  a pencil  to  make  a small  hole  in  the 
bottle  top.  Then  put  a funnel  through  the 
hole. 

Put  the  funnel  and  bottle  top  on  the 
bottle.  Be  sure  that  the  bottle  top  fits  very 
tightly  on  the  bottle.  Be  sure  that  there 
are  no  holes  between  the  bottle  top  and 
the  funnel. 

Let  some  water  fall  quickly  into  the 
funnel  until  the  water  comes  right  up  to 
the  top  of  the  funnel. 

What  holds  up  the  water  in  the  funnel? 

■On  cannot  get  out  ii  the  bottle  is  tightly  stop- 
. . . .e  - f takes  up  the  space  inside  the  bottle,  there 
■ : no  room  for  the  water.  The  air  inside  holds  the  water 


What  Is  It  Like  Inside 
the  Earth? 

Scientists  believe  that  the  earth  is 
made  up  of  four  parts. 

The  outside  covering  all  around  the 
earth  is  called  the  crust.  The  crust  is  the 
part  with  all  the  seas  and  the  land  on  it. 
Your  school  is  on  the  crust  of  the  earth. 
Your  home  is  on  the  crust.  All  plants 
and  animals  live  on  the  crust.  You  live  on 
the  crust  of  the  earth. 


TEACHjNG  SUGGESTIONS 
(pp.  71-73) 

• LESSON:  What  is  it  like  inside 
the  earth? 


Background:  Inquiry  into  the  struc- 
ture of  the  earth  is  very  difficult, 
for  we  have  been  unable  to  pene- 
trate more  than  a tiny  fraction  of 
the  earth's  crust.  Seismological 
techniques,  by  which  shock  waves 
are  sent  into  the  earth  and  record- 
ed at  various  places,  have  enabled 
scientists  to  meet  the  challenge. 


Crust 


:,,e  daik  ! 
ho'v  thin  ■ 
crust  is  ui 
the  tow!  t 
trie  eurth. 


line  shows 
The  earth’s 
orn pared  with 
thickness  C ' 


The  outer  covering,  or  crust,  of 
the  earth  is  surprisingly  thin.  At 
no  place  is  it  believed  to  be  more 
than  40  miles  in  depth,  and  in 
some  locations  under  the  oceans, 
the  crust  is  estimated  to  be  only 
3 miles  deep. 

! Underneath  the  crust  lies  the 
mantle,  a plastic  layer  about  1,800 
■ miles  deep.  The  outer  core  is  be- 
I lieved  to  be  about  1,300  miles 
; thick;  the  inner  core  is  thought 
ji  to  have  a thickness  of  about  860 
||  miles. 

I The  liquid  outer  core  of  the  earth 
I is  much  different  from  any  other 
I liquid  with  which  man  is  acquaint- 
j ed.  It  is  extremely  hot  and  dense. 
I Nickel  and  iron,  which  make  up 
li  the  inner  and  outer  cores,  are 
I among  the  heaviest  elements  in 

I the  earth.  As  the  earth  cooled  dur- 
ing its  formation  several  billion 


years  ago,  these  elements,  be- 
cause of  their  heavy  weight,  were 
pulled  toward  the  center  with 
greater  force  than  the  lighter  ones. 
Much  of  the  information  and 
theory  about  the  earth's  interior 
stems  from  the  work  of  a Yugo- 
slavian scientist,  A.  Mohorovicic, 
who  spent  a lifetime  studying 
earthquakes.  His  theory  about  the 
structure  of  the  earth  is  generally 
accepted  today. 

Learnings  to  Be  Developed: 

The  earth  is  made  up  of  four 
layers. 

We  live  on  the  thin  outer  layer 
called  the  crust. 

The  core  of  the  earth  is  made  up 
of  two  layers;  the  outer  one  is 
liquid,  and  the  inner  one  is  solid. 

Developing  the  Lesson: 

What  is  the  deepest  hole  you 
have  ever  dug? 

Whats  the  deepest  hole  that  you 
know  about? 

Some  mines  go  down  a mile  or  so 
into  the  earth,  and  oil  wells  sev- 
eral miles  deep  have  been  dug. 

The  hardness  of  the  earth  makes  it 
very  difficult  to  dig  deeply.  To 
help  children  get  a better  idea  of 
how  hard  the  mantle  rock  is,  have 
them  bring  samples  of  hard  rocks 
to  class.  Demonstrate  how  much 
force  it  takes  to  break  each  of  the 
rocks.  First  wrap  a cloth  around 
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Under  the  earth’s  crust  is  the  mantle. 
Scientists  think  that  the  mantle  is  made 
of  very  hard  rock.  Scientists  say  that  the 
rock  of  the  mantle  is  much  harder  and 
heavier  than  any  rocks  in  the  crust. 

Below  the  mantle  of  the  earth  is  the 
part  called  the  outer  core.  Scientists 
believe  the  outer  core  is  very  hot.  They 
believe  it  may  be  almost  like  a liquid.  A 
liquid  is  anything  that  flows.  Scientists 
believe  the  outer  core  is  made  of  very  hot 
liquid-like  iron  and  nickel. 

Deepest  inside  the  earth  is  the  inner 
core.  Scientists  think  that  the  inner  core 
is  solid  nickel  and  iron. 


Mantle 
Outer  core 
Inner  core 


USING  THE  SCIENTIST’S  WAY 


You  can  make  a model  of  the  earth. 

First  make  a little  ball  out  of  colored 
clay.  The  ball  should  be  about  as  big  as  a 
grape.  Make  believe  that  this  ball  is  the 
inner  core  of  the  earth. 

Then  take  a piece  of  clay  that  is  a 
different  color.  Mold  it  around  the  first 
ball.  This  other  layer  should  make  the 
ball  about  the  size  of  an  egg.  Make  believe 
that  this  new  layer  is  the  outer  core  of  the 
earth. 

Use  some  more  of  the  first  color  clay  to 
make  a layer  that  goes  around  the  outer 
core.  This  layer  should  make  the  ball 
about  the  size  of  a grapefruit.  Make 
believe  this  layer  is  the  mantle  of  the  earth. 

Then  put  a piece  of  aluminum  foil  all 
around  the  mantle.  Make  believe  that  the 
aluminum  foil  is  the  crust  of  the  earth.  You 
are  using  aluminum  foil  for  the  crust  because 
the  crust  of  the  real  earth  is  the  thinnest 
layer  of  the  earth. 

Now  cut  out  one-fourth  of  the  ball.  What 
do  you  see?  Do  you  see  an  inner  core! 
Do  you  see  an  outer  core?  Do  you  see  a 
mantle?  Do  you  see  a crust? 


the  rock  to  prevent  pieces  from 
flying  off  and  hitting  someone 
when  it  is  struck.  Place  the  rock 
on  some  hard  surface  such  as  the 
sidewalk,  and  let  different  chil- 
dren hit  it  with  a hammer.  When 
you  have  determined  which  rock 
appears  to  be  the  hardest  to  break, 
pass  it  around  for  the  class  to  ex- 
amine, and  explain  that  mantle 
rock  is  much  harder  than  this  one. 

In  introducing  the  model-making 
activity  on  page  73,  emphasize 
again  how  models  help  us  to  un- 
derstand things  that  cannot  be  ob- 
served directly.  Use  plasticene  to 
make  this  model,  and  be  sure  the 
material  is  warm  enough  to  be 
sufficiently  pliable.  Difficulty  in 
building  the  layers  may  be  over- 
come if  each  layer  is  rolled  out  as 
a sheet  before  installation.  Plasti- 
cene may  be  cut  easily  with  a 
heated  knife  or  with  a wire 
stretched  tightly. 

Follow-Up:  Here  is  a little  arithmetic 
that  might  help  your  pupils  under- 
stand how  thin  is  the  40-mile  deep 
earth's  crust,  compared  with  the 
total  depth  of  the  earth.  Forty 
miles  is  40/4,000,  or  1/100,  of  the 
earth's  radius. 

Draw  a line  8 feet  long  on  the 
chalkboard.  Let  this  line  represent 
the  radius  of  the  earth.  The  crust 
would  be  about  1 inch.  Mark  this 
on  the  8-foot  line. 


TEACHING  SUGGESTIONS 

(pp.  74-75) 


Have  Living  Things 

Always  Been  the  Same? 


• LESSON:  What  were  some  of  the 
earliest  living  things  on  earth? 

Background:  Children  may  not  un- 
derstand the  scale  of  time  in 
this  section.  Emphasize  and  dram- 
atize the  fact  that  the  develop- 
ment of  living  things  goes  back 
more  than  a billion  years.  Take 
time  to  help  children  understand 
that  the  emergence  of  a new  form 
did  not  necessarily  mean  the  dis- 
appearance of  an  earlier  form. 
Algae  and  sea  animals  continued 
to  prosper  throughout  the  history 
of  living  things,  and  still  abound. 

Learnings  to  Be  Developed: 

The  first  living  things  on  earth 
lived  in  the  sea. 

Simple  plants,  such  as  algae,  were 
among  the  first  living  things  to 
develop  on  the  earth. 

Animals  appeared  on  the  earth 
after  plants  had  developed. 

Developing  the  Lesson:  Talk  about 
the  simplest  plants  that  children 
know.  Put  the  list  of  their  sugges- 
tions on  the  chalkboard.  Children 
will  probably  know  that  small 
plants  such  as  grass  are  simpler 
than  trees,  but  it  is  unlikely  that 
any  of  them  will  mention  algae. 
Call  their  attention  to  the  picture 
of  seaweeds  on  page  74.  Seaweeds 
have  no  true  stems,  leaves,  or 


Scientists  believe  that  living  Scientists  believG  that  long  ago  there 

things  began  in  the  sea.  Water 

is  still  an  important  part  of  were  Very  few  Hving  things  on  earth. 

every  living  thing  and  neces- 
sary to  sustain  life.  Scientists  believe  that  small  green  sea 

plants  called  algae  (AL-jee)  were  among 

the  first  living  things.  Algae  do  not  have 

leaves,  stems,  or  roots. 

Long,  long  after  the  first  algae  appeared 

some  sea  animals  came  into  being.  Among 

these  sea  animals  were  sponges,  jellyfish, 

and  worms. 


The  next  things  to  live  on  the  earth 
were  seaweeds,  snails,  and  small  sea  animals 
called  trilobites  (TRY-luh-byts). 

Scientists  believe  that  the  next  animals 
to  appear  were  fishes. 

After  the  fishes,  the  first  land  animals 
came  into  being.  These  were  scorpions 
(SKOR-pee-unz)  and  spiders. 


Spider 


Scorpion 


roots.  They  represent  one  general 
group  of  algae.  They  are  relatively 
simple  plants,  but  the  algae  that 
first  developed  in  the  primordial 
seas  were  single-celled  algae. 

Draw  a small  circle,  the  size  of 
a half-dollar,  on  the  chalkboard. 
Inside  it  draw  smaller  circles, 
about  the  size  of  dimes.  The 
smaller  circles  inside  the  larger 
one  represent  little  bodies  called 
chloroplasts  within  the  algae.  They 
contain  chlorophyll,  which  makes 
it  possible  for  the  algae  to  manu- 
facture their  own  food  from  wa- 
ter and  carbon  dioxide. 

Animals,  such  as  sponges  and 
jellyfish,  did  not  develop  until 
after  green  plants. 


Sponge 


Trilobite 


Why  did  the  development  of 
life  happen  in  that  order?  (Ani- 
mals could  not  manufacture 
their  own  food.  They  were  then, 
and  still  are,  dependent  on  green 
plants.) 

Follow-Up:  Help  children  to  appre- 
ciate the  fact  that  it  was  much 
easier  for  living  things  to  carry  on 
their  life  process  in  the  sea  than 
it  would  have  been  on  land. 

How  are  fish  adapted  to  life  in 
water?  (They  have  gills  for  taking 
oxygen  from  water,  and  fins  and 
tails  for  swimming.  Plants  and 
animals  that  live  in  the  water 
are  their  food.) 


7 .L  .INC  SUGGESTIONS 
(pp.  76-80) 

® LESSON;  What  were  the  first  land 
animals  like? 

Background:  Frequently,  children 
are  unclear  about  the  distinction 
between  reptiles  and  amphibians. 
From  birth,  reptiles  breathe  by 
means  of  Fungs.  They  have  a 
rough,  scaly  skin.  Reptiles  are 
cold-blooded  and  may  have  three 
or  four-chambered  hearts.  Am- 
phibians, on  the  other  hand, 
spend  the  early  stages  of  life  un- 
der water,  breathing  through  gills. 
Later,  amphibians  change  and 
breathe  through  lungs,  but  some 
amphibians  may  also  have  a skin 
that  functions  as  a respiratory  or- 
gan. Unlike  reptiles,  the  skin  of 
an  amphibian  is  smooth  and  non- 
scaly.  Amphibians  are  also  cold- 
blooded and  have  a three- 
chambered  heart. 

The  reptiles  include  turtles,  liz- 
ards, snakes,  alligators,  and  croco- 
diles. The  amphibians  include 
frogs,  toads,  mudpuppies  or  wa- 
terdogs,  and  aquatic  salamanders. 
Learnings  fo  Be  Developed; 

The  bodies  of  plants  and  animals 
had  to  be  protected  from  drying 
out  before  they  could  develop  on 
land. 

They  had  to  develop  ways  of  get- 
ting oxygen  from  the  air. 


, i 
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Land  plant 


Then  came  the  first  land  plants  and 
the  first  insects  and  amphibians 
(am-FIB-ee-unz).  An  amphibian  is  an  animal 
that  lives  part  of  its  life  in  water  and  part 
of  its  life  on  land.  Most  amphibians  lay 
their  eggs  in  water.  Can  you  name 
any  amphibians? 

There  are  many  amphibians  still 
living  today.  A frog  is  an  amphibian. 

The  next  animals  were  the  reptiles 
(REP-tilz).  Reptiles  have  scales  on  their 
bodies.  Scales  are  like  small  flat  pieces  of 
skin.  Most  reptiles  slide  along  the  ground 


Amphibian 


Reptile 


or  walk  on  four  short  legs.  Most  reptiles 
lay  eggs  that  have  shells  around  them. 

There  are  many  reptiles  living  today. 
A snake  is  a reptile.  So  is  a turtle.  Can 
you  think  of  any  others? 

Many  millions  of  years  after  the  first 
reptiles,  the  first  mammals  (MAM-ulz) 
started  living  on  the  earth.  Mammals  have 
hair  on  their  bodies.  Mammal  mothers 
have  babies  that  are  born  live  from  the 
mothers’  bodies.  After  they  are  born,  the 
mammal  babies  get  milk  from  their 
mothers’  bodies. 


Developing  the  Lesson: 

How  are  people  adapted  to  life 
on  earth?  (Live  on  land,  breathe 
air  with  lungs,  have  legs  and 
arms  to  move  about,  have  a skin 
that  protects  the  tissues  of  their 
body  from  drying  out). 

What  did  water  animals  have  to 
develop  before  they  could  live 
on  land?  (Lungs,  method  of  loco- 
motion, skin  that  would  keep 
them  from  drying  out). 

After  pupils  have  read  the  text  on 
this  page,  discuss  the  amphibian 
they  probably  know  best,  the  frog. 

In  what  ways  is  the  frog  a part- 
water  and  part-land  animal? 
(It  lays  its  eggs  in  water.  When 
the  eggs  hatch,  the  young  tad- 
poles live  in  water). 

What  must  the  tadpole  develop 
before  it  can  live  on  the  land  as 
its  parents  do?  (Lungs  and  legs). 

How  Is  it  possible  for  reptiles  to 
live  out  of  water?  (They  have 
lungs  and  scaly  bodies). 

Obtain  a copy  of  Herbert  Zim's 
Golden  Nature  Guide  Reptiles  and 
Amphibians,  published  by  Simon 
and  Schuster.  Encourage  children 
to  browse  through  the  book  and 
find  out  about  the  variety  of  am- 
phibians that  exist  today.  One  or 
two  children  may  wish  to  report 
to  the  class  on  some  unusual  am- 
phibians they  found  in  the  book. 


The  following  is  a modified  geo- 
logical time  table. 

Precambrian  Era  (more  than  520, 
000,000  years  ago) 

First  algae  and  bacteria  appeared, 
more  than  1,000,000,000  years  ago 

Paeleozoic  Era  (520,000,000  to 
185,000,000  years  ago) 

400.000. 000  First  corals  and 

clams  appeared. 

300.000. 000  First  spiders  and 

fish  appeared. 

235.000. 000  First  amphibians 

appeared. 

225.000. 000  First  insects  ap- 

peared. 

190.000. 000  Trilobites  disap- 

peared. Appalachi- 
an Mountains  be- 
gan to  rise. 

Mesozoic  Era  (185,000,000  to  60,- 
000,000  years  ago) 

185.000. 000  First  dinosaurs  and 

turtles  appeared. 

155.000. 000  First  flying  reptiles 

and  lizards  appear- 
ed. 

130.000. 000  First  feathered 

birds,  snakes,  and 
kangaroos  appear- 
ed. Rocky  Moun- 
tains began  to  rise. 
60,000,000  Dinosaurs  became 
extinct. 


Mouse 


Horse 


Elephant 


Cow 


Here  are  some  of  the  many  mammals 
that  are  living  today.  Can  you  name  the 
mammals  in  this  picture? 

The  first  dinosaurs  (DY-nuh-sorz)  and 
the  first  birds  started  living  on  earth  after 


Use  the  six-foot  man  as  a unit  and  estimate  the  height  of  this 
dinosaur,  from  ground  to  head.  (About  7 men  high,  or  42  feet.) 


the  first  maininals.  Dinosaurs  were  very 
large  reptiles.  Many  dinosaurs  grew  to  be 
about  forty  feet  long.  Some  were  as  long  as 
eighty-seven  feet.  In  the  picture  you  can 
see  how  a six-foot  man  would  look  standing 
near  a dinosaur’s  tail. 

After  millions  of  years,  all  the  dinosaurs 
died.  No  one  knows  why.  Scientists  have 
tried  to  guess  why  all  the  dinosaurs  died. 
Some  scientists  think  that  the  dinosaurs 
may  not  have  had  enough  food  to  eat. 
Other  scientists  think  the  dinosaurs  may 
have  died  from  sickness.  Still  other  scientists 
think  the  land  may  have  become  too  hot  or 
too  cold  for  the  dinosaurs. 


Cenozoic  Era  (60,000,000  years 
ago  until  today) 

50.000. 000  First  carnivores, 

elephants,  horses, 
and  whales  ap- 
peared. 

45.000. 000  First  monkeys  ap- 

peared. 

40.000. 000  First  apes  and  bats 

appeared. 

1,500,000  First  prehistoric 
man  appeared. 

Correct  any  impression  that  the 
mammals  illustrated  here  actually 
appeared  before  the  age  of  rep- 
tiles. Those  mammals  with  which 
children  are  most  familiar  are  a 
relatively  recent  evolutionary  de- 
velopment (36,000,000  years).  The 
earliest  mammals,  which  did  ap- 
pear prior  to  the  climax  of  rep- 
tiles (230,000,000  years  ago),  were 
quite  small  in  size  and  insignifi- 
cant in  number. 

Obtain  a copy  of  Life's  The  World 
We  Live  In,  which  contains  excel- 
lent illustrations  of  life  during  the 
age  of  dinosaurs.  Point  out  that 
some  dinosaurs  were  relatively 
small. 

Of  the  dinosaurs  pictured  here, 
the  largest  is  Brontosaurus.  The 
spined  dinosaur  is  Stegosaurus. 


The  Cenozoic  Era,  which  has  now 
lasted  for  about  63  million  years, 
was  characterized  by  the  begin- 
ning and  development  of  most  of 
the  forms  of  living  things  with 
which  we  are  familiar  today.  Ani- 
mals referred  to  on  page  78  illus- 
trate the  emergence  of  mammals 
as  an  important  group.  In  addi- 
tion, flowering  plants  have  be- 
come the  dominant  form  of  plant 
life.  These  changes  occurred  at 
the  same  time  that  the  dinosaurs 
were  becoming  extinct. 

Follow-Up:  It  is  very  difficult  for 
many  of  us  to  imagine  the  millions 
of  years  that  living  things  have 
existed  on  the  earth.  Use  whatever 
techniques  you  can  devise  to  get 
children  to  come  to  some  better 
appreciation  of  the  magnitude  of 
even  one  million.  Here  is  one  way 
you  might  do  it.  Have  the  class 
count  in  unison  to  100.  Time  them 
to  find  out  how  many  minutes  it 
takes.  Since  there  are  10,000  100's 
in  1,000,000,  multiply  the  minutes 
by  10,000  to  estimate  how  long 
it  would  take  the  class,  counting 
6 hours  a day,  5 days  a week,  to 
count  to  1,000,000.  In  one  such 
trial  it  took  IV2  minutes  to  count 
to  100.  If  it  were  possible  to  keep 
up  the  cadence,  it  would  take 
15,000  minutes  to  count  to  1,000- 
000.  This  is  1,250  hours,  approxi- 
mately 210  6-hour  days,  42  5-day 
weeks,  or  about  one  school  year. 


Animals  such  as  the  horse,  the  monkey, 
and  the  elephant  all  started  living  after 
the  time  of  the  dinosaurs.  Plants  with 
flowers,  such  as  grasses,  also  started  living 
after  the  dinosaurs  had  all  died. 


Just  when  man  started  living  on  earth 
is  not  known.  Scientists  have  found  bones 
like  those  above  that  look  as  though  they 
are  those  of  man.  Although  very  few  of 
these  bones  have  been  found,  scientists 
believe  that  man  probably  started  living  on 
the  earth  about  a million  years  ago.  When 
man  first  appeared,  the  earth  was  already 
very  old.  By  studying  the  skeleton  parts  of 
early  man,  scientists  have  found  that  early 
man’s  hands  were  able  to  hold  tools. 


TfeACr^^riC  S^JGGESTh'  A 

(pp.  81-85) 

LESSON:  How  was  early  man  dif- 
ferent from  other  living  things? 

Learnings  to  Be  Developed: 

From  just  a few  bones  of  early 
living  things,  scientists  can  tell 
what  they  looked  like. 

The  opposable  thumb  has  made  it 
possible  for  human  beings  to  do 
many  things  that  other  living 
things  cannot  do. 

The  Neanderthals  were  early  hu- 
man beings  who  are  no  longer 
living. 

Developing  the  Lesson:  If  children 
have  done  the  counting  activity 
described  on  page  80,  the  “million 
years  ago"  referred  to  on  page  81 
will  seem  a very  long  time.  How 
can  bones  last  1,000,000  years?  The 
answer  is  that  they  had  become  fos- 
silized. Review  the  general  proc- 
ess by  which  fossils  become  pre- 
served in  stone,  and  encourage 
children  to  refer  to  bones  such  as 
these  as  fossils.  If  possible,  obtain 
some  fossils  to  show  to  the  chil- 
dren. A local  museum,  a high 
school  science  teacher,  someone 
in  the  community  may  be  able  to 
supply  some.  As  children  observe 
fossils,  remind  them  that  these  are 
parts,  or  impressions  of  parts,  of 
living  things  that  lived  millions  of 
years  ago. 


Most  children  entertain  a stereo- 
typed image  of  the  scientist  as 
one  who  works  in  a laboratory 
with  glassware,  microscopes,  com- 
puters, and  other  similar  appara- 
tus. Find  some  pictures  of  archae- 
ologists and  paleontologists  at 
work.  Ask  children  to  tell  about 
the  tools  they  see  being  used  by 
the  scientists.  Point  out  to  them 
that  the  laboratory  of  the  scientist 
is  the  crust  of  the  earth  itself. 

Have  children  speculate  regarding 
the  manner  in  which  the  tools 
shown  in  the  picture  on  page  82 
may  have  been  used. 

From  tools  such  as  these,  scientists 
can  tell  that  early  man  was  highly 
intelligent  compared  to  other  liv- 
ing things.  Use  these  questions  to 
determine  what  is  meant  by  rela- 
tive intelligence: 

How  can  you  tell  that  a dog  is 
intelligent?  (By  what  he  can  do.) 

Are  some  dogs  more  intelligent 
than  others?  (Yes,  they  can  be 
more  easily  taught  to  do  things). 

What  can  human  beings  do  that 
dogs  and  other  animals  cannot 
do?  (Humans  can  talk,  figure  out, 
and  explain.  Humans  can  build, 
try  out,  write,  draw,  and  read.) 

Examine  the  picture  closely.  Ask 
children  to  speculate  about  the 
material  of  which  these  tools  are 
made. 


82 


Above  you  see  some  of  the  tools  found 
by  scientists  neair  the  bones  of  early  man. 
What  do  you  think  scientists  can  tell  about 
the  activities  of  early  man  from  these  tools? 
What  kinds  of  tools  do  you  think  these  are? 
What  do  you  think  they  are  made  from? 
What  do  you  think  can  be  made  from  them? 

On  the  next  three  pages  you  can  see  how 
man  differs  from  other  living  things  in  two 


important  ways.  The  brain  of  man  is 
different  from  the  brains  of  other  living 
things.  Man  can  learn  both  better  and  faster. 

Look  at  the  pictures  below.  What  can 
you  tell  about  the  sizes  of  the  brains  shown 
compared  with  the  sizes  of  the  living  things? 

On  the  next  page,  you  see  the  other 
important  way  in  which  man  differs  from 
other  living  things. 


Imagine  there  was  no  such  thing 
as  a metal  or  a plastic.  What 
kinds  of  materials  could  you  find 
that  you  could  use  as  a tool? 

Encourage  children  to  name  the 
material  they  have  in  mind,  and  to 
tell  just  how  they  would  use  it. 
Ask  how  they  could  make  a ham- 
mer, or  a knife,  or  a spear  from 
these  materials. 

Scientists  might  speculate  that 
these  tools  belonged  to  the  ani- 
mals near  which  they  were  found. 
They  might  further  speculate  that 
if  the  tools  were  the  property  of 
the  animals,  then  the  animals  must 
have  fashioned  them  and  used 
them. 

To  help  clarify  the  material  on 
brains,  try  to  obtain  one  or  more 
brains  of  animals  from  a butcher 
shop  or  meat  store.  Show  children 
the  brain  ridges.  Have  them  touch 
the  brain  tissue  to  see  how  soft 
it  is.  Point  out  that  the  soft  tissue 
of  our  brains  is  protected  by  our 
bony  skulls. 

The  cavity  in  the  skull  in  which 
the  brain  is  located  is  called  the 
brain  case. 

The  size  of  the  brain  case  is  used 
by  scientists  studying  fossil  skulls 
as  one  way  of  determining  if  the 
animal  under  study  was  human- 
like. The  average  brain-case  capac- 
ity for  gorillas  is  about  500  cubic 
centimeters.  Modern  man  has  an 


average  brain-case  capacity  of 
1,350  cubic  centimeters.  To  show 
children  the  difference  between 
500  and  1350  cubic  centimeters, 
pour  2V2  cups  of  colored  water 
into  one  jar.  This  volume  of  water 
represents  the  average  capacity  of 
the  brain  cases  of  gorillas.  Now 
pour  6V4  cups  of  colored  water 
into  another  jar.  This  represents 
the  average  capacity  of  the  brain 
case  of  man. 

Human  beings  and  a few  of  the 
other  higher  animals,  such  as 
monkeys,  have  an  opposable 
thumb.  As  is  stated  on  page  84, 
this  allows  us  to  do  many  things 
with  our  hands  that  are  impossi- 
ble for  animals  that  do  not  have 
opposable  thumbs. 

To  impress  children  with  the  role 
of  the  thumb  in  performing  many 
activities,  have  them  try  to  do 
some  of  the  following  without 
using  their  thumbs; 

tying  shoes 
writing  their  names 
drinking  from  a cup 
throwing  a ball 
sharpening  a pencil 
buttoning  a coat  or  sweater 
catching  a ball 
cutting  with  a pair  of  scissors 
holding  a book  to  read 
eating  with  a spoon 
picking  up  small  objects  such  as 
dried  beans  or  peas 


Look  at  the  pictures  below.  Notice  that 
early  man  was  able  to  touch  all  his  fingers 
with  his  thumb.  Look  at  your  hands.  Can 
you  touch  your  fingers  in  the  same  ways  as 
shown  below? 

On  the  next  page  you  see  a picture  of 
early  man.  Tools  that  have  been  found  with 
his  bones  show  that  he  used  spears  to  hunt 
animals.  You  can  see  that  his  hand  is  able 
to  hold  tools.  With  the  help  of  tools  he 
could  raise  plants  to  provide  him  with  food 
and  could  protect  himself  from  animals. 


■ 'I 'h  oi- posable  thumb  all  fingers  can  make  contact  with  the  thumb. 


The  Neanderthals  (nih-AN-der-thalz) 
were  a race  of  early  men  who  lived  thousands 
of  years  ago  in  Europe.  They  lived  in 
caves.  When  people  today  talk  about  cave 
men,  they  usually  mean  the  Neanderthals. 

Today’s  scientists  know  much  about  the 
way  the  Neanderthals  lived.  In  the  caves 
of  the  Neanderthals,  scientists  have  found 
many  things  that  the  Neanderthals  used. 


which  of  the  above  activities  do 
they  think  they  could  learn  to  do 
well  without  thumbs?  Have  differ- 
ent pupils  practice  some  of  these 
activities  until  they  think  they  can 
do  them  fairly  well;  then  have 
them  demonstrate  to  the  class. 

Have  the  class  examine  the  pic- 
ture of  the  Neanderthals  very  care- 
fully. Have  them  list  ways  in  which 
Neanderthal  was  different  from 
human  beings  today.  Consider 
such  things  as:  his  stature  or  man- 
ner of  walking;  where  he  lived; 
his  clothing;  the  appearance  of 
his  face;  the  shape  of  his  hands; 
his  family  life;  his  sources  of  food 
and  preparation  of  food;  tools  he 
used. 

Your  class  might  be  interested  in 
how  scientists  happened  to  call 
these  cave  dwellers  Neanderthals. 
The  first  described  remains  of 
them  were  found  near  Dusseldorf, 
Germany,  in  the  Neander  Valley. 
Valley  in  German  is  thal;  thus, 
Neanderthal.  Since  the  original 
discovery,  fossils  of  Neanderthal 
man  have  been  found  in  many 
places  in  Europe,  Asia,  and  Africa. 

Neanderthals  were  short,  stocky, 
very  strong  people,  with  large, 
heavy-boned  heads.  Their  fore- 
heads were  indented  just  above 
the  brow  to  form  a brow  ridge. 
The  forehead  was  retreating.  How- 
ever, the  size  of  their  brains  was 
as  large  as  that  of  modern  man. 


“EACHING  SUGGESTIONS 

(pp.  86-87) 

• LESSON:  How  have  living  things 
changed? 

Learnings  to  Be  Developed: 

There  are  many  different  kinds  of 
living  things  on  the  earth  today. 

It  has  taken  millions  of  years  for 
living  things  to  come  to  be  as  they 
are  today. 

Developing  the  Lesson:  The  chart  on 
these  pages  can  successfully  be 
used  for  three  purposes.  First, 
it  should  serve  as  a review  of  the 
material  covered  earlier  in  this 
unit.  Further,  it  should  be  used  to 
emphasize  the  fact  that  the  de- 
velopment of  the  great  variety  of 
living  things  on  the  earth  today 
has  been  a long  and  gradual  proc- 
ess. Finally,  it  should  be  used  to 
give  children  experience  in  inter- 
preting charts. 

What  is  the  chart  supposed  to 
show? 

Ftave  the  children  state  whether 
they  can  use  the  chart  to  answer 
each  of  the  following: 

How  long  have  living  things 
been  on  the  earth? 

How  many  different  kinds  of 
living  things  are  there  today? 

•Which  kind  of  living  thing  de- 
veloped first? 


The  living  things  of  today  are  different 
from  early  living  things.  It  has  taken 
billions  of  years  for  living  things  to  come 
to  be  as  they  are  today. 


This  chart  shows  the  approximate  dates  of  origin  of  different  kinds  of  living  things, 
as  well  as  of  some  that  are  extinct,  the  dinosaurs  and  trilobites. 
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* Did  plants  develop  before  ani- 
mals? 

What  is  a fossil? 

How  did  man  develop? 

How  long  were  dinosaurs  on  the 
earth? 

How  has  the  surface  of  the  earth 
changed? 

What  materials  make  up  the 
earth? 

What  did  the  different  plants 
and  animals  look  like? 

Follow-Up:  Your  class  might  be  in- 
terested in  using  a chart  such  as 
the  one  shown  to  make  a large 
mural  for  their  room.  The  mural 
might  combine  the  ideas  pre- 
sented in  the  geological  time 
chart  on  page  78  of  the  teacher's 
guide  and  the  chart  shown  on 
these  pages.  Children  could  pre- 
pare cutouts,  representing  the  dif- 
ferent kinds  of  living  things,  to 
attach  at  appropriate  places  on 
the  mural. 

ADDITIONAL  ACTIVITIES: 

Using  the  times  given  in  the  geo- 
logical time  table  on  page  78, 
children  can  make  a chart  show- 
ing how  long  ago  the  animals 
presently  on  earth  appeared.  Be- 
gin with  man,  and  make  his  line 
1/10  inch,  to  represent  1,000,000 
years. 


Today 


HiNG  SUGGESTIONS 
(pp.  88-89) 

m LESSON:  How  is  man  different 
from  all  other  living  things? 

Learnings  to  Be  Developed:  There  are 
many  ways  in  which  man  is  differ- 
ent from  other  living  things. 

Developing  the  Lesson:  The  emphasis 
in  this  lesson  is  on  the  ability  of 
humans  to  control  their  environ- 
ment. 

* What  do  people  do  to  keep 
warm  in  the  winter  time?  What 
do  dogs  do?  (If  children  respond 
by  saying  that  dogs  also  stay  in 
the  house,  point  out  that  the  dog 
had  nothing  to  do  with  building 
the  house,  installing  the  furnace, 
or  buying  the  fuel.) 

• How  do  animals  travel  from  one 
place  to  another?  How  do  hu- 
mans travel? 

Once  it  has  been  established  that 
man  can  change  his  environment, 
ask  pupils  to  tell  about  ways  in 
which  he  has  done  this.  Some 
ways  they  might  refer  to  are:  Man 
cuts  down  trees  and  builds  homes. 
(The  beaver  also  does  this,  but  he 
builds  only  one  kind  of  home  in 
one  kind  of  place.  Nor  does  the 
beaver  use  tools  to  help  him.) 
Man  makes  bricks  and  constructs 
buildings.  (Some  birds  also  use 
mud  to  make  their  nests,  but  a 


Man  today  is  different  from  all  other 
living  things.  Man  can  change  his 

environment  (en-VY-run-ment)  in  many  more'^ 
ways  than  they  can.  An  environment  is  the 
place  where  a living  thing  lives. 

Man  changes  his  environment  in  many 
ways.  Man  can  make  clothes  for  himself. 
He  can  grow  food.  Because  he  can  reason, 
talk,  and  write,  he  can  change  the  world 
around  him. 

This  book  has  taught  you  some  of  the 
things  that  scientists  have  learned  until 
now.  Someday  you  may  discover  something 
new.  Then  your  discovery  will  be  written 
down  for  the  people  who  will  live  after  you. 


i-ncourage  frenuem  an^  proper  use  of  the  term  environmen<.  It  - 'ill  be  used  many 
dmes  ^ne  ne.-  : unit 
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USING  THE  SCIENTIST’S  WAY 


If  you  live  near  a museum,  plan  a trip 
there.  There  are  museums  in  nearly  all 
big  cities.  Visit  the  rooms  that  show  what 
early  animals  looked  like. 

If  you  cannot  go  to  a museum,  visit  a 
library.  You  can  use  books  in  the  library 
to  find  out  more  about  early  animals. 
After  your  visit,  draw  pictures  of  the 
early  animals.  Show  how  they  were 
different  from  the  animals  of  today. 


Scientists  often  use  sketches  to  show  the 
important  characteristics  of  animals.  See 


bird  can  build  only  one  kind  of 
nest,  and  does  not  use  tools.)  Man 
builds  airplanes  and  flies  to  a 
warmer  climate  in  winter.  (The 
arctic  tern  flies  thousands  of  miles 
in  its  migration,  but  it  goes  to  the 
same  place  year  after  year.  It  flies 
on  its  own  power,  not  the  power 
from  engines.)  Man  builds  rockets 
to  go  to  the  moon.  Man  builds 
submarines  to  go  deep  into  the 
ocean. 

Now  raise  the  question  of  whether 
things  are  always  improved  when 
humans  change  their  environ- 
ment. For  example,  when  man 
cuts  down  trees  for  lumber,  or 
plows  up  fields  to  grow  crops,  the 
soil  will  wash  away  unless  he  sub- 
stitutes something  to  hold  it. 
When  he  builds  cars  that  go  very 
fast,  he  may  endanger  the  lives  of 
many  people.  When  he  builds  fac- 
tories, he  often  pollutes  the  air 
with  smoke  and  other  harmful 
gases.  Develop  the  idea  here  that 
when  man  solves  some  problem 
by  changing  his  environment,  he 
is  often  faced  with  new  problems. 

In  completing  the  discussion  of 
this  lesson,  emphasize  the  role  of 
the  scientist  in  making  it  possible 
for  humans  to  control  their  en- 
vironment. The  most  dramatic 
current  examples  of  this  are  the 
efforts  to  increase  the  supply  of 
food  and  fresh  water. 
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■f  ‘ IHING  SUGGES;:  Ji  i5  | 

(pp.  90-91) 

i 

-•  LESSON:  Why  was  Louis  Agassiz 
a pathfinder  in  science? 

Learnings  to  Be  Developed:  | 

The  interest  and  curiosity  that  | 
scientists  have  in  the  world  of  | 
nature  often  developed  when  | 
they  were  quite  young.  I 

Scientists  arrive  at  hypotheses 
after  they  have  collected  as  many 
facts  as  possible. 

Sometimes  it  is  a long  while  be-  J 
fore  scientists  come  to  accept  the  I 
hypotheses  proposed  by  another  I 
scientist. 

Developing  the  Lesson:  Introduce  this- 
lesson  by  asking  what  one  must 
do  to  be  a pathfinder  in  science.  | 
Recall  the  discoveries  of  Coperni-  ^ 
cus  and  Faraday. 

What  had  Louis  Agassiz  observed  \. 
that  caused  him  to  wonder  about  | 
what  had  happened  a long  time 
ago  here  on  the  earth? 

• Why  didn't  he  believe  that  flood- 
ing waters  had  piled  up  the  ma- 
terial? 

Where  do  you  suppose  he  got 
the  hypothesis  of  an  ice  sheet? 

(He  had  probably  seen  the  work  ' 
of  some  huge  glaciers  in  the 
mountains  of  Switzerland.) 

• Why  do  you  suppose  other 


PATHFINDERS  IN  SCIENCE 

Louis  Agassiz 

(1807-1873)  SWITZERLAND 

Louis  Agassiz  (AG-uh-see)  was 
a pathfinder  in  two  fields— nature 
study  and  earth  science. 

As  a young  boy,  he  kept 
rabbits,  guinea  pigs,  snakes,  and 
wild  birds  in  cages  under  trees  in 
his  backyard.  He  caught  fish  with 
his  hands  and  brought  them  to  the 
pool  behind  his  house.  There  he 
watched  for  hours  as  the  fish 
moved  about.  He  studied  their 
shapes  and  colors  and  the  bones 
in  their  fins. 

In  1828,  Louis  became  a doctor 
of  medicine.  But  instead  of 
working  as  a doctor,  he  studied 
animals  and  earth  science.  He 
was  interested  in  living  animals  and 
in  the  fossils  of  animals.  The 
fossils  were  so  different  from  the 
living  animals  that  he  thought  there 
must  have  been  great  changes  on 
the  earth  to  have  made  such 
changes  in  animal  life.  He  looked 


for  signs  that  might  show  changes. 

While  still  a young  man, 
Agassiz  took  trips  through  the 
Swiss  mountains.  He  went  with  a 
friend  whose  hobby  was  nature 
study.  They  saw  ridges  heaped 


with  rocks,  stones,  and  pebbles. 
They  saw  huge  boulders  standing 
in  fields.  These  things  showed 
that  there  had  been  changes  on 
the  earth.  Other  scientists  in 
Agassiz’  time  thought  that  flooding 


waters  had  made  the  changes. 

But  Agassiz  did  not  think  that 
flooding  waters  explained  what  he 
saw.  He  did  not  think  that  water 
could  have  piled  up  such  materials. 
He  thought  that  only  moving, 
melting  ice  could  have  left  these 
materials.  Only  a sea  of  ice  could 
have  carried  such  great  boulders 
so  many  miles  from  their  source. 

In  1837,  Agassiz  told  a group 
of  scientists  that  there  had  been  a 
“great  ice  age”  during  which  most 
of  northern  Europe  and  the  British 
Isles  were  covered  with  a sea  of 
ice.  Not  many  people  believed 
him. 

When  Louis  Agassiz  died,  his 
idea  of  the  ice  age  had  still  not 
been  accepted  as  fact.  It  was  not 
until  the  1900’s,  when  many  other 
scientists  had  gathered  more  facts, 
that  Louis  Agassiz’  idea  of  a great 
ice  age  was  accepted. 


scientists  did  not  accept  his  hy- 
pothesis? (They  may  not  have 
studied  the  problem  as  carefully 
as  he  had,  or  the  old  hypothesis 
of  flooding  waters  was  so  gener- 
ally accepted  that  it  was  difficult 
to  think  otherwise.) 

How  was  Faraday's  discovery 
different  from  those  of  Coperni- 
cus and  Agassiz?  (Probably  only 
your  better  pupils  can  answer 
this  one.  Faraday's  discovery  of 
how  an  electric  current  can  be 
produced  with  a magnet  could 
be  demonstrated  and  proved  be- 
yond any  question.  Copernicus 
could  not  definitely  prove  his 
hypothesis;  neither  could  Agas- 
siz.) 

Follow-Up: 

Which  paragraphs  in  the  text  tell 
how  Louis  Agassiz  obtained 
knowledge? 

Which  paragraph  tells  how  he 
became  curious  about  what  had 
happened  on  the  earth? 

Where  does  it  tell  about  him  as 
a careful  observer? 

Why  could  we  say  that  Agassiz 
had  imagination  and  courage? 
(Because  he  was  not  satisfied 
with  a commonly  accepted  ex- 
planation, but  investigated  until 
he  arrived  at  a better  hypothe- 
sis.) 


TEACHING  SUGGESTIONS 

(pp.  92-93) 

Background: 

1.  Two  good  sources  for  pictures 
and  additional  information  about 
prehistoric  plants  and  animals  are: 

The  World  We  Live  In,  by  L.  Barnet. 
Simon  and  Schuster,  1956.  This 
book  was  specially  prepared  for 
young  readers.  In  Part  V,  "The 
Pageant  of  Life,"  the  text  and  ex- 
cellent pictures  deal  with  the  de- 
velopment of  living  things  on  the 
earth.  The  headings  indicate 
clearly  the  nature  of  its  content: 
When  Life  Began;  The  Morning  of 
Life;  Life  Spreads  to  the  Land; 
Reptiles  Take  Over  the  Earth;  The 
Age  of  Dinosaurs.  Part  VI,  "The 
Age  of  Mammals,"  traces  the  evo- 
lutionary development  of  mam- 
mals. 

First  Days  of  the  World,  by  Gerald 
Ames  and  Rose  Wyler.  Harper  and 
Brothers,  1958.  In  addition  to  ma- 
terial dealing  with  the  origin  of 
stars  and  our  solar  system,  this 
book  has  an  extensive  section  on 
the  formation  of  the  earth,  begin- 
nings of  life,  and  the  evolution  of 
plants  and  prehistoric  animals. 
The  pictures  in  this  volume  should 
give  children  ideas  about  how  to 
draw  their  own. 


Using  What  You  Have  Learned 

Picture  stories  are  good  ways  1.  Your  class  Can  make  a picture  story 

of  organizing  ideas. 

about  living  things.  You  can  show  which 
plants  and  animals  were  the  first  to  live  on 
the  earth.  Start  with  the  algae.  Then  draw 
pictures  of  some  other  plants  and  animals 
that  lived  after  the  first  algae.  Write 
about  each  of  the  living  things  that  you 
show.  Tell  how  big  they  grew.  Tell  where 
they  lived.  Tell  which  are  living  today. 


The  STORY  of  LIVING  THINGS 


2.  If  you  live  near  a pond  or  a river,  you 
may  be  able  to  get  some  algae.  The  algae 
often  grow  near  the  top  of  the  water.  Fill  a 
jar  with  some  of  the  water  and  algae. 
Bring  the  jar  to  your  class. 

Try  to  make  up  some  good  questions 
about  algae.  Then  use  the  library  to 
find  the  answers  to  your  questions.  You 
might  ask  such  questions  as:  Why  are  the 
algae  green?  Which  animals  eat  algae? 
What  would  happen  if  there  were  no 
algae  in  the  seas  and  rivers?*** 


Contain  chlorophyll,  used  in 
making  food. 


3.  Scientists  have  found  bones  of 
horses  that  lived  millions  of  years  ago. 
From  these  bones,  the  scientists  can  tell 
what  the  horses  looked  like.  You  can  find 
out  more  about  these  early  horses  by  going 
to  the  library  and  reading  about  horses  in 
an  encyclopedia. 


Fish,  dams. 

There  would  be  no  animal 
life. 


This  little 
horse  lived  60 
million  years 
ago.  It  was 
called  eohippus  and  was  about  the 
size  of  a dog.  Modern  horses  evolved 
from  eohippus. 


2.  If  a microscope  is  available, 
algae  collected  from  a pond  or 
brook  may  be  examined  and  the 
structures  noted.  Children  may  be 
able  to  observe  several  different 
kinds  of  algae.  Most  common  will 
probably  be  spirogyra  strands,  or 
filaments  of  many  cells  arranged 
end  to  end.  Euglena,  which  is 
classified  as  a primitive  green 
algae  by  some  authorities,  may 
also  be  seen  moving  through  the 
liquid. 

Green  algae  may  also  be  found  on 
the  north  side  of  tree  trunks, 
fences,  and  rocks.  Scrape  off  some 
and  examine  the  material  under 
the  microscope.  Individual  cells 
or  groups  of  cells  may  be  seen. 

Collect  some  pond  water  which 
has  a small  amount  of  green  algae. 
Place  the  water  in  a quart  con- 
tainer. Put  the  container  in  sun- 
light for  about  a week.  Notice 
what  happens  to  the  water  as  the 
algae  develop.  Examine  specimens 
under  a microscope  or  a micro- 
projector if  either  is  available. 


TEACHING  SUGGESTIONS 

(pp.  94-95) 


WHAT  YOU  KNOW  ABOUT 

Om  Planet  IDg  :i;h 


Background:  These  two  pages  con- 
stitute a review  of  the  concepts' 
and  terminology  introduced  in 
this  unit. 

What  You  Have  Learned:  This  is  a sum- 
mary of  the  entire  unit,  with  new 
words  in  boldface  type. 

Checklist  of  Science  Words:  Remind  the 
pupils  that  there  is  a Dictionary  of 
Science  Words  on  pages  227-234. 
They  should  consult  this  diction- 
ary whenever  they  are  unsure  of 
the  precise  meaning  of  a word. 


What  You  Have  Learned 

The  earth  has  a crust,  a mantle,  an  outer  core, 
and  an  inner  core.  Among  the  first  living  things 
on  the  earth  were  algae.  Then  came  sea  animals 
such  as  sponges  and  worms;  then  came  seaweeds, 
snails,  and  trilobites;  then  came  fishes. 

Among  the  first  land  animals  were  scorpions  and 
spiders.  Next  came  land  plants,  insects,  and 
amphibians,  followed  by  reptiles,  mammals,  and 
birds. 

Man  started  to  Hve  on  the  earth  about  one  million 
years  ago.  Man’s  brain  looked  different  from  the  brains 
of  other  hving  things.  His  brain  was  larger  than  the 
brains  of  other  hving  things  of  the  same  size.  Man 
also  could  touch  his  fingers  with  his  thumbs.  The 
bones  of  one  early  man,  the  Neanderthal  man,  were 
foimd  in  Europe.  The  Neanderthal  men  were  a race 
of  men  who  hved  in  caves,  thousands  of  years  ago. 

Because  man  can  think  and  write,  man  has  learned 
to  change  much  of  his  environment.  Unhke  other  hving 
things,  man  can  change  his  environment  in  many 
different  ways. 
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Checklist  of  Science  Words 


Here  are  some  science  words  you  read  about  in  this 
unit.  Can  you  tell  what  you  have  learned  about 
each  one? 


algae 

amphibian 

brain 

crust 

dinosaur 


environment 
inner  core 
liquid 
mammal 
mantle 


matter 
Neanderthal 
outer  core 
reptile 
scales 


scorpion 

spider 

sponge 

trilobite 


Which  Came  First? 

Number  a page  in  your  notebook  from  1 to  6. 
Then  look  at  the  names  of  the  pairs  of  animals 
below.  For  each  pair,  tell  which  living  thing  came 
first.  Write  the  name  of  that  living  thing  next  to 
the  number  on  your  paper. 


goldfish 

seaweed 

5. 

jellyfish 

algae 

monkey 

turtle 

^ sponge 

6. 

scorpion 

dinosaiu 

spider 

which  Came  First? 

1.  jellyfish 

2.  scorpion 

3.  algae 

4.  sponge 

5.  frog 

6.  spider 
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YOU  CAN  LEARN  MORE  ABOUT 


TEACHING  SUGGESTIONS 

(pp.  96-97) 

Background:  These  pages  reinforce 
the  concepts  presented  in  the  unit 
by  suggesting  activities  that  extend 
the  pupil's  ability  to  apply  the 
learnings  derived  from  the  unit. 

Guess  the  Word:  Have  children  make 
up  other  exercises  such  as  this  by 
using  the  following  words  from 
this  unit;  gulley,  matter,  corals, 
trilobites,  scorpions,  mammals, 
dinosaurs.  Neanderthals,  environ- 
ment, Agassiz. 

Bulletin  Board:  For  this  activity,  en- 
courage children  to  bring  in  pic- 
tures of  a great  variety  of  animals. 
Be  sure  that  whales  and  porpoises 
(mammals)  are  included.  Also  have 
penguins  (birds)  and  seals  and 
walruses  (mammals).  Include  eels 
(fish),  salamanders  (amphibians), 
frogs  (amphibians),  alligators 
and  crocodiles  (reptiles),  horned 
lizards  (reptiles),  turkeys  and 
ducks  (birds),  and  bats  (mammals). 

Make  a Roller  Movie:  For  this  activity, 
pictures  could  be  drawn  to  show 
how  the  earth  has  changed: 

The  effect  of  wind  on  rocks. 

Volcanic  activity,  with  lava  run- 
ning down  the  side  of  the  cone. 

Rocky  coastline  where  ocean 
waves  have  worn  caves  in  rock. 


Our  Planet  Earth 


Guess  the  Word  A test  of  spelling  and  meaning 


1.  A dinosaur  was  one. 

2.  The  part  of  the  earth  that  has 
the  seas  and  land  on  it. 

3.  It  lives  part  of  its  life  in  water 
and  part  of  its  life  on  land. 

4.  The  hard  rock  part  of  the  earth 
under  the  crust. 

5.  Small  green  sea  plants  that  were 
among  the  first  living  things. 


TILEREP 

STURC 

PHIAMANBI 

LETNAM 

GALEA 


Bulletin  Board  A test  of  knowledge  of  classification 


Make  signs  that  say  Fish, 
Amphibians,  Reptiles,  Birds,  and 
Mammals.  Hang  the  Fish  sign  on  a 
bulletin  board.  Next  to  it,  hang  a 
picture  of  an  animal  from  each  of  the 
animal  groups.  Do  the  same  thing 
with  the  other  signs.  Let  people  try 
to  find  the  right  picture  for  each  kind 
of  animal.  See  how  many  pictures 
they  can  guess  right. 
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Use  one-sided  pictures  and  mount  on  wax  paper.  If  you  use  pictures  from  magazines 
or  newspapers,  paste  them  on  a roll  of  paper  and  place  the  flashlight  in  front  of  the 
picture. 


Make  a Roller  Movie 

Some  boys  and  girls  in  your  class 
can  draw  pictures  and  write 
sentences  to  show  how  the  earth  has 
changed.  Paste  the  pictures  and 
sentences  on  a long  piece  of  paper. 
Paste  one  end  of  the  paper  to  a stick. 
Pull  the  paper  through  slits  in  a box. 
Paste  the  other  end  to  another  stick. 
Shine  a flashlight  through  a hole  in 
the  box.  Then  turn  the  stick  and 
see  the  movie. 

You  Can  Read 

1.  A Book  to  Begin  on  Dinosaurs  by 
Eunice  Holsaert  and  Robert  Gartland. 
Learn  how  dinosaurs  lived. 

2.  Your  Changing  Earth  by  Hy 
Ruchlis.  See  how  the  earth  changed. 

3.  Up  from  the  Sea  Came  an  Island 
by  Hazel  Allen.  Read  how  living 
things  came  to  an  island. 


Scientists  make  frequent  use  of  libraries. 


Highways  and  railroad  tracks 
washed  away  by  flood  water. 

Gulley  formation  in  fields. 

Canyons  in  mountains  through 
which  large  rivers  are  running. 

Results  of  earthquakes  that  have 
left  large  cracks  in  the  ground. 

Snowslide  in  a mountain  where 
boulders  and  trees  have  been  car- 
ried down  with  the  snow. 

Mountain  glaciers. 

You  Can  Read:  Here  are  some  addi- 
tional books; 

Naming  Living  Things:  The  Group- 
ing of  Plants  and  Animals,  by 
Sarah  Riedman  (Rand  McNally 
Company,  1963).  This  is  a good 
reference  for  the  teacher.  Some 
more  able  pupils  will  also  find  it 
interesting. 

Earth  Treasures:  Rocks  and  Min- 
erals, by  Iris  Tracy  Comfort  (Pren- 
tice-Hall, 1963).  This  is  an  intro- 
ductory guide  to  rocks  and  min- 
erals. 

Wonders  of  the  Dinosaur  World, 
by  William  H.  Mathews  III  (Dodd, 
Mead,  1963).  Explanations  are 
given  of  such  problems  as  how 
paleontologists  determine  that 
dinosaurs  had  scales,  laid  eggs, 
and  ate  other  animals.  Also  deals 
with  the  method  of  naming  the 
dinosaurs. 


NOTES: 


Use  this  space  for  any  additional 
teaching  suggestions  you  may 
have. 


Do  You  Remember?* 


Being  curious  helps  you  learn  more  about 
yourself  and  the  world.  When  you  are  curious, 
you  ask  questions  and  try  to  find  answers. 

Good  sources  help  you  find  answers  to  your 
questions.  Scientists  use  good  sources  to  find 
answers.  Scientists  do  experiments  to  find 
answers.  When  a scientist  is  the  first  to 
find  an  answer  to  a question,  the  answer  is 
called  a discovery. 

Scientists  have  made  many  discoveries 
about  the  universe.  Telescopes  have  helped 
them  to  discover  that  the  earth  is  one  of  nine 
planets  that  orbit  the  sun.  The  sun  is  a star. 
Scientists  call  the  sun  and  the  nine  planets 
that  orbit  it  the  solar  system. 

Scientists  have  discovered  that  the  solar 
system  is  only  a small  part  of  the  Milky 
Way  Galaxy.  The  Milky  Way  Galaxy,  with 
its  many  stars,  is  only  one  of  millions  of 
galaxies  in  the  universe. 

Scientists  learned  that  the  earth  turns 
around  on  its  axis  as  it  orbits  the  sun.  The 
moon  orbits  the  earth,  and  reflects  sunlight. 


of  Units  2.  and  3. 


Our  planet  earth  has  an  inner  core,  an  outer 
core,  a mantle,  and  a crust. 

Everything  on  earth  is  matter.  Some 
matter  is  living.  There  are  many  living 
things  on  the  earth.  The  living  things  on 
the  earth  have  changed  through  the  ages. 
Scientists  today  believe  algae  were  among 
the  first  things  to  live  on  the  planet  earth. 
After  the  algae,  sea  animals  such  as  sponges, 
trilohites,  and  fishes  started  living.  Then  came 
land  animals  such  as  spiders  and  scorpions. 
Next  came  the  first  land  plants,  insects, 
amphibians,  reptiles,  and  mammals.  After 
that  came  the  dinosaurs  and  other  animals. 

After  almost  all  other  living  things,  man 
appeared  on  the  earth.  Man’s  brain  differed 
from  those  of  other  living  things.  Man 
could  learn  faster  and  better.  Early  man 
also  could  touch  all  his  fingers  with  his 
thumbs.  Man  today  can  easily  touch  all  his 
fingers  with  his  thumb.  Because  man  can 
reason,  talk,  and  write,  he  can  change  his 
environment  in  many  different  ways. 


NOTES: 


Use  this  space  for  any  additional 
teaching  suggestions  you  may 
have. 
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KEY  CONCEPTS 

Key  Concept  1.  Events  in  the  nat- 
ural environment  happen  in  an 
orderly  rather  than  a haphazard 
way;  man  searches  for  laws  to 
explain  this  order  by  observing, 
hypothesizing,  checking  his  ideas, 
and  rejecting  those  which  do  not 
square  with  reality. 

Key  Concept  3.  To  find  order  in  the 
natural  environment,  the  scientist 
seeks  basic  units  that  can  be  put 
together  in  an  almost  infinite  vari- 
ety of  ways;  the  cell  and  the 
atom  are  examples  of  such  units. 

Key  Concept  7.  When  equilibrium 
is  upset  in  organism-environment 
interactions,  regulatory  mechan- 
isms go  to  work  to  restore  equi- 
librium. 

CONCEPTS: 

•1.  Plants  and  animals  are  made 
up  of  cells. 

2.  Living  things  are  classified  into 
different  groups. 

-i  3.  Living  things  have  common 
needs  (food,  air,  getting  rid  of 
wastes,  having  babies). 

; 4.  Living  things  are  adapted  to 
different  kinds  of  environments. 

5.  Man  provides  special  care  for 
animals  in  zoos. 


Chimpanzee  Polar  bear  Pigeons 


PROCESSES: 


4 

Other  concepts  appear  under  "Learnings  to  Be  Developed" 
in  each  lesson  found  in  the  Teaching  Suggestions. 

How  Animals  Live 


What  You  Will  Find  Out 

Animals  live  in  many  different  kinds  of  places. 
Some  live  in  very  cold  places;  others  live  in 
very  warm  places.  You  will  find  out  how 
animals  can  live  in  such  different  places. 


• Questioning — Pages  116,  145, 
149. 

• Observing— 102,  103,  119,  122, 
124,  127. 

• Experimenting — 114,  127. 

• Comparing — 102,  103,  104,  108, 
109,  119. 

• Inferring— 102,  103,  108,  116, 

124. 

• Classifying— 102,  103,  105. 

• Selecting  (sources  from  recall) — 
109,  110,  111,  113,  116,  119,  122, 

125,  143,  144,  149,  150. 

• Communicating — 122,  144. 

• Demonstrating — 148,  149. 

• Explaining — 104,  106. 

• Hypothesizing — 114. 
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TEACHING  SUGGESTIONS 
(pp.  102-105) 


• LESSON:  What  is  an  animal? 

Background:  The  first  significant  ef- 
fort to  classify  living  things  was 
made  by  the  Greek  philosopher 
Aristotle  (384-322  B.C.),  who  is 
frequently  regarded  as  the  founder 
of  classification  in  biology.  How- 
ever, there  was  no  uniformity  in 
the  names  applied  to  living  things 
until  the  18th  century,  when  a 
satisfactory  system  was  developed 
by  the  Swedish  biologist  Linnaeus 
(1707-1788).  Under  his  system,  all 
living  things  could  be  classified 
with  a binomial  arrangement.  Our 
present  method  of  identification 
is  a modification  and  refinement 
of  Linnaeus'  system.  (You  may 
want  to  refer  to  Science  for  To- 
morrow's World,  Book  4,  pages 
128-129,  for  more  background  in- 
formation.) I 

Learnings  to  Be  Developed:  j 

It  is  not  always  easy  to  tell  the 
difference  between  plants  and  f 

animals.  ? 

All  plants  and  animals  are  made  I 

up  of  one  or  more  cells.  \ 

Plant  cells  are  different  from  ani-  ( 

mal  cells.  | 

Developing  the  Lesson:  | 

How  can  you  tell  the  difference  i 

between  a plant  and  an  animal?  f 


Animals  are  different  from  things 
which  are  not  alive.  Animals  are  also 
different  from  plants.  Do  you  know 
how  to  tell  when  a thing  is  an  animal? 
You  will  find  out  how  to  do  this. 


What  Is  an  Animal? 

Here  are  some  pictures  of  living  things. 
Look  at  them.  Would  you  say  that  all  of 
the  living  things  pictured  are  animals? 


Above  are  some  more  pictures  of  living 
things.  Which  of  them  are  animals? 
Scientists  say  that  all  the  living  things  in 
these  pictures  are  animals. 

Living  things  are  plants  or  animals. 
Sometimes  it  is  hard  to  tell  whether  a thing 
is  a plant  or  an  animal.  Can  you  tell  which 
of  these  living  things  are  plants  and  which 
are  animals? 


Mushroom 


Walking  stick 
an  insect 


Work  with  the  class  to  set  up  a 
list  of  criteria  for  classifying  living 
things  as  either  plants  or  animals. 
List  their  ideas  on  the  chalkboard, 
and  use  them  in  making  judg- 
ments about  the  classification  of 
living  things  pictured  on  these 
pages.  Later,  they  can  check  their 
criteria  with  those  given  in  the 
text  on  pages  104  and  105.  To 
emphasize  the  difficulty  of  classi- 
fying living  things,  question  the 
validity  of  their  suggestions  by 
finding  exceptions.  For  example, 
if  they  say  that  animals  move  and 
plants  do  not,  blow  against  the 
leaves  of  a plant  to  make  them 
move.  Then  ask  if  it  is  now  an 
animal. 

If  they  say  that  plants  are  green, 
or  make  their  own  food,  show 
them  bread  mold.  Tell  them  that 
it  is  a plant,  but  it  is  not  green, 
nor  does  it  make  its  own  food. 

After  this  discussion,  and  after 
they  have  read  the  text  and 
thought  about  the  questions  on 
this  page,  your  pupils  may  no 
longer  be  so  sure  that  they  can 
tell  the  difference  between  a plant 
and  an  animal.  Tell  them  that  for 
a long,  long  time,  scientists  have 
been  concerned  with  this  very 
problem.  They  have  been  working 
to  describe  clearly  the  differences 
among  all  of  the  many  types  of 
plants  and  animals,  and  have  also 
been  concerned  with  giving  each 


type  a name.  Tell  them  that  as 
they  go  further  in  their  study  of 
science,  they  will  learn  more  about 
how  scientists  have  done  this. 

Of  all  the  rules  that  scientists  have 
developed  for  determining  the 
difference  between  plants  and  ani- 
mals, there  are  exceptions  to  all 
but  one.  That  one  rule  deals  with 
the  nature  of  the  two  kinds  of 
cells. 

One  of  the  more  interesting’  ex- 
ceptions is  the  plant-like  ability  of 
some  animals  to  restore  parts  of 
the  body  that  have  been  lost  by 
injury.  This  is  known  as  regenera- 
tion. Starfish,  hydra,  flatworms, 
and  sponges  are  known  to  have 
this  ability.  An  earthworm  can 
grow  a new  body  from  a severed 
head  portion  (although  the  tail 
end  cannot  grow  a new  head), 
and  some  animals  can  regenerate 
lost  appendages.  Encourage  chil- 
dren to  find  out  more  about  these 
animals  from  standard  reference 
books  in  the  library. 

The  key  idea  in  this  lesson  is  ex- 
pressed by  the  statement  that  all 
plants  and  animals  are  made  up  of 
cells.  This  idea  will  be  developed 
later,  but  children  should  have  an 
opportunity  now  to  see  some  of 
the  different  kinds  of  cells  that  are 
found  in  plants  and  animals.  If 
you  have  a microscope  available. 


Scientists  have  ways  to  tell  whether 
something  is  a plant  or  an  animal.  Here  are 
some  of  the  ways. 

Green  plants  can  make  their  own  food. 
But  animals  cannot  make  food.  An  animal 
must  get  its  food  by  eating  green  plants. 
Animals  can  also  get  food  if  they  eat  other 
animals  that  have  eaten  green  plants.  Why 
do  you  think  this  is  so? 

Most  plants  do  not  move  about.  But  most 
animals  do  move  about.  Animals  move 
about  to  get  their  food. 

Most  plants  can  grow  new  parts,  such  as 
leaves  and  branches  and  roots.  But  most 
animals  cannot  grow  new  parts,  such  as  feet, 
eyes,  and  legs. 

There  is  another  way  in  which  plants  and 
animals  are  different.  All  plants  and  animals 
are  made  up  of  very  small  live  bits  called 
cells.  But  plant  cells  are  not  quite  the  same 
as  animal  cells. 

Look  at  the  picture  of  an  animal  cell  and 
a plant  cell.  Can  you  tell  how  these  cells 
are  different?  Can  you  tell  how  these  cells 
are  the  same? 


ue//  wan 


Cell  membrane 


Nucleus 

Animal  cell 


Chloroplasts 


Plant  cell 


Do  you  see  the  thicker  covering  around 
the  plant  cell?  This  covering  is  called  a cell 
wall.  The  covering  around  an  animal  cell  is 
not  as  thick.  The  covering  around  an  animal 
cell  is  called  a cell  membrane  (MEM-brayn). 

Cells  can  change.  Some  cells  can  grow 
larger.  Some  can  change  their  shape. 
Sometimes,  cells  make  new  cells. 

USING  THE  SCIENTIST’S  WAY 


Look  at  the  list  below.  List  all  the 
plants  in  one  group  and  all  the  animals  in 
another. 


rose 

dog 

ant 

cactus 

bluejay 

cow 

fern 

peony 

elephant 

petunia 

elm 

jaguar 

lily 

cat 

juniper 

Cell 

membrane 


here  is  a place  to  make  good  use 
of  it.  You  might  observe  the  cells 
in  a leaf  by  stripping  off  the  outer 
layer  of  a geranium  leaf  and  put- 
ting a piece  of  it  on  a microscope 
slide.  If  you  have  an  aquarium  in 
which  there  are  leafy  plants,  pull 
off  one  of  those  leaves  and  exam- 
ine it.  You  can  see  cell  walls  easily 
by  examining  dead,  dried  leaves. 
You  might  show  your  pupils  ani- 
mal cells  by  gently  scraping  the 
inside  of  your  cheek  and  smearing 
the  scrapings  on  a slide.  A drop 
of  iodine  on  the  smear  will  stain 
the  cheek  cells  and  make  them 
show  up  more  clearly.  If  you  do 
not  have  a microscope,  get  pic- 
tures of  cells  from  a biology  text- 
book to  show  to  your  pupils.  If 
possible,  have  children  compare 
the  cell  wall  of  a leaf  cell  with  the 
cell  membrane  of  a cheek  cell. 

Examine  the  illustrations  of  typi- 
cal animal  and  plant  cells. 

• How  are  these  two  kinds  of  cells 
the  same,  and  how  are  they  dif- 
ferent? 

Follow-Up:  Have  children  write  the 
names  of  plants  or  animals  with 
which  they  are  acquainted  on  slips 
of  paper.  Put  the  papers  in  a box 
and  mix  them  up.  Have  each  child 
draw  a slip  from  the  box  and  tell 
whether  it  is  a plant  or  an  animal. 
Let  him  explain  how  he  reached 
his  decision. 
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(pp.  106-108) 

LESSON:  How  are  animals  alike? 
Learnings  to  Be  Developed: 

All  animals  must  have  food,  water, 
and  oxygen  in  order  to  live. 

All  animals  must  have  ways  of  get- 
ting rid  of  their  wastes. 

All  animals  reproduce  other  ani- 
mals like  themselves. 

Developing  the  Lesson:  In  consider- 
ing the  question  of  whether  all 
animals  are  alike,  have  pupils 
name  pairs  of  animals  that  they 
consider  quite  different,  such  as 
earthworm  and  dog,  fish  and 
horse,  and  bird  and  snake.  Have 
them  describe  the  various  ways  in 
which  each  pair  of  animals  is  dif- 
ferent. Now  ask  them  in  what 
ways  the  animals  are  alike. 

As  children  examine  the  picture, 
encourage  them  to  look  for  living 
things  that  are  not  animals.  Ask 
them  how  many  things  they  can 
find  that  are  living  plants.  Ask 
how  many  things  they  can  see 
that  once  were  living  plants. 

All  animals  are  alike  in  their  need 
for  food.  Food  provides  animals 
with  energy,  supplies  materials  to 
build  body  substances  and  repair 
damage,  and  provides  substances, 
such  as  vitamins,  that  regulate  es- 
sential processes  in  living  things. 


How  Are  Animals  the  Same? 

Here  are  some  pictures  of  living  things. 
Which  of  these  living  things  are  animals? 
Would  you  say  that  all  are  the  same? 


You  might  not  think  so,  but  in  some  ways 
all  these  animals  are  like  each  other.  In 
some  ways,  every  animal  is  the  same  as  all 
others.  Robins,  ants,  whales,  monkeys — all 
animals  are  the  same  in  some  ways. 


All  animals  must  eat.  Cows  and  dogs  and 
frogs  must  eat.  Bees  and  hens  must  eat. 
You  must  eat  too.  Every  animal  must  eat  to 
stay  alive.  The  food  you  eat  helps  keep  you 
alive  and  well.  It  helps  your  body  do  its 
work. 

All  animals  must  have  air.  A pig  must 
have  air.  A bear  must  have  air.  A crow 
and  a fish  must  have  air,  too.  People  also 
must  have  air.  Every  animal  must  have  air 
to  stay  alive.  Oxygen  (OK-sih-jun)  is  a gas 
that  is  part  of  the  air.  The  cells  of  all  animals 
need  oxygen  to  be  able  to  use  the  food  that 
the  animals  eat.  You  will  learn  how  the 
cells  get  oxygen. 

All  animals  must  get  rid  of  wastes.  The 
wastes  are  the  various  things  that  the 
animal’s  body  cannot  use.  One  way  you  get 
rid  of  wastes  is  by  going  to  the  toilet.  You 
also  get  rid  of  some  wastes  each  time  you 
breathe  out  some  air.  Every  animal  must 
get  rid  of  wastes  to  stay  alive.  Every 
animal  must  get  rid  of  wastes  to  stay 
healthy.  If  animals  did  not  get  rid  of  wastes, 
then  the  wastes  would  poison  their  bodies. 


Pages  107  and  IOC  tell  ?bor  --:ur  \ 


All  animals  need  oxygen,  but  there 
are  various  ways  in  which  differ- 
ent animals  obtain  it.  Remind 
children  of  how  amphibians  ob- 
tain air  before  they  reach  matur- 
ity. Point  out  that  they  obtain 
oxygen  in  the  same  manner  as 
fish,  through  gills.  Contrast  this 
method  of  respiration  with  the 
lung  apparatus  found  in  many 
other  animals. 

Encourage  the  children  to  find  out 
how  some  insects  obtain  oxygen 
to  stay  alive.  In  library  and  refer- 
ence books  they  will  read  that 
insects  absorb  oxygen  directly 
through  openings  in  the  outer 
coverings  of  their  bodies. 

Our  bodies,  through  our  excretory 
system,  give  off  two  kinds  of 
wastes.  One  kind  is  the  waste  from 
the  food  we  eat,  the  material  that 
cannot  be  digested  and  absorbed 
into  the  bloodstream.  We  get  rid 
of  these  wastes  through  our  bowel 
movements.  Another  kind  of 
waste  is  that  which  is  removed 
from  the  blood  by  our  kidneys 
and  given  off  in  urine.  Our  lungs 
also  remove  waste;  we  get  rid  of 
carbon  dioxide  when  we  breathe. 
And  our  skin  removes  certain 
wastes,  such  as  salt,  from  the 
blood. 

All  animal  species  are  perpetuated 
through  the  process  of  reproduc- 
tion. Children  should  be  helped 
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to  accept  reproduction  as  a natu- 
ral (and  necessary)  biological 
process.  There  are  a number  of 
ways  in  which  living  things  repro- 
duce. Have  pupils  recall  the  proc- 
esses by  which  many  insects,  such 
as  moths  and  butterflies,  repro- 
duce: 

Adult  ^ egg  ^ larva  pupa  (co- 
coon) ^ adult. 

In  the  case  of  clams  and  similar 
shellfish,  eggs  and  sperms  are 
simply  discharged  into  the  sur- 
rounding water,  and  fertilization 
occurs  entirely  by  chance.  The 
same  is  true  for  other  inverte- 
brates and  for  many  species  of 
fish.  Internal  fertilization,  which  is 
found  in  all  higher  animals,  makes 
successful  fertilization  far  more 
probable. 

Follow-Up:  Build  a bulletin  board 
display  of  magazine  cutouts  of 
mothers  and  young  of  different 
animal  species.  Be  sure  that  hu- 
mans are  included. 

Background:  The  following  informa- 
tion will  help  you  with  Using  the 
Scientist's  Ways 

Since  birds  do  not  have  teeth,  ask 
children  if  they  know  how  birds 
chew  the  worms,  seeds,  and  in- 
sects that  they  eat.  Explain  how 
the  gizzard  grinds  the  food.  Parti- 
cles of  sand  picked  up  by  birds 
serve  as  an  abrasive  in  the  gizzard 
for  grinding  the  food. 


All  animals  can  have  babies.  A deer  can 
have  babies.  A clam  can  have  babies.  So 
can  a horse  have  babies.  People  can  have 
babies.  What  would  happen  if  animals  could 
no  longer  have  any  babies? 


USING  THE  SCIENTIST’S  WAY  * 

> Do  all  animals  have  teeth  to  chew  the 

food  that  they  eat?  Think  about  a dog 

As  the  little  clam  Inside  the  shell  and  a robin.  Do  both  animals  have  teeth? 
grows,  rings  of  mineral  matter  are 

added  to  the  hard  outer  shell.  Draw  a picture  of  a dog  and  a robm. 

Show  which  animal  has  teeth.  Can  you 
tell  what  kind  of  food  each  animal  eats? 
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Making  comparisons  is  one  way  scientists  learn  more  about  animals. 


Where  Do  Animals  Live? 


Animals  live  in  many  different  kinds  of 
environments.  An  environment  can  be  a hot 
place  or  a cold  place.  It  can  be  a wet  place 
or  a dry  place. 

Animals  must  be  adapted  (uh-DAP-ted)  to 
their  environments.  This  means  that  they 
are  fit  to  stay  alive  in  their  environments. 

Some  parts  of  the  earth  are  very  dry. 
There  is  hardly  enough  water  for  any  plant 
or  animal  life.  Such  a place  is  called  a 
desert.  Can  you  think  of  any  animals  that 
are  adapted  to  living  in  a desert  environment? 

The  Gila  monster  is  a poisonous  reptile  of  the  desert. 


TEACHING  SUGGESTIONS 

(pp.  109-113) 

• LESSON:  Where  do  animals  live? 
Learnings  to  Be  Developed: 

Animals  are  dependent  on  their 
environment  for  the  materials  they 
need  in  order  to  live. 

There  are  many  different  kinds  of 
environments. 

Animals  of  some  types  live  in  each 
kind  of  environment. 

Animals  living  in  one  kind  of  en- 
vironment are  adapted  to  the  par- 
ticular conditions  existing  there. 

Developing  the  Lesson: 

• What  do  animals  need  in  order 
to  stay  alive?  (Food,  water,  air, 
and  a suitable  temperature.) 

• From  where  do  animals  get  their 
food,  air,  and  water?  (Their  en- 
vironment.) 

Encourage  children  to  use  the 
word  "environment"  in  their  dis- 
cussion whenever  it  is  appropri- 
ate, since  this  is  an  important 
concept  of  this  unit. 

•Could  animals  live  in  an  environ- 
ment where  there  is  no  food  or 
air  or  water?  (No.) 

Can  you  think  of  such  a place? 
(Actually,  living  things  have  in- 
vaded practically  every  niche  on 
earth,  including  even  hotsprings.) 


Write  the  word  “adapted"  on  the 
chalkboard. 

• What  does  this  word  mean? 

Children  should  identify  the  ani- 
mals on  these  pages,  and  find 
examples  of  other  animals  that 
may  be  found  in  the  different  en- 
vironments mentioned.  In  your 
discussion  of  the  forest  environ- 
ment, ask  the  children  to  bring 
in  leaves  or  small  branches  of  the 
different  kinds  of  trees  found  in 
your  community.  Point  out  to  the 
children  that  although  many  of 
our  original  forests  have  been  re- 
placed by  farms,  highways,  homes, 
and  industrial  plants,  more  than 
three-fourths  of  the  United  States 
was  covered  with  forests  when 
men  first  came  from  Europe. 

Find  out  what  the  annual  rainfall 
is  in  your  community.  If  it  is 
higher  than  20  inches,  trees  prob- 
ably grew  there  in  abundance  at 
one  time.  If  that  is  so,  discuss 
what  animals  might  have  lived 
there  then. 

Obtain  a map  of  the  United  States 
to  show  children  where  the  vari- 
ous mountain  ranges  are  located. 
Ask  who  has  been  in  mountain 
country,  and  have  them  tell  what 
kinds  of  trees  and  animals  they 
saw. 


There  are  some  places  on  the  earth  where 
many  trees  grow.  Such  places  are  called 
forests.  What  are  some  animals  that  are 
adapted  to  living  in  a forest  environment? 

Some  parts  of  the  earth  that  are  very  high 
are  called  mountains.  Can  you  think  of 
some  animals  that  are  adapted  to  living  in 
a mountain  environment? 


Still  another  environment  is  a watery  one. 
The  sea  is  a watery  environment.  What  are 
some  animals  that  are  adapted  to  living  in  a 
sea  environment? 

The  ground  is  another  kind  of  environment. 
Many  animals  are  adapted  to  living  in  the 
ground.  Can  you  name  the  animals  that 
you  see  here? 


Show  the  children  a globe  of  the 
earth  and  establish  the  locations 
of  the  oceans.  Ask  them  to  esti- 
mate how  much  of  the  earth  is 
covered  with  water.  In  fact,  the 
most  common  environment  on 
earth  is  a "water"  environment; 
three-fourths  of  the  earth  is  cov- 
ered with  water,  and  there  are 
more  living  things  in  the  ocean 
than  there  are  on  land. 

The  word  "ground"  is  used  here 
in  referring  to  the  top  crust  of  the 
earth,  made  up  of  soil  and  rocks. 
Good  soil  is  teeming  with  life. 
Much  of  it  is  bacteria  and  other 
microorganisms,  including  animal 
organisms.  In  addition  are  the 
many  varieties  of  worms  and  in- 
sects that  live  in  the  ground. 
Larger  animals  include  ground 
squirrels,  mice,  moles,  and  go- 
phers. Snakes  may  occupy  holes 
in  the  ground  that  have  been  dug 
by  other  animals. 

Ask  the  children  if  they  have  ever 
heard  the  term  "cold-blooded" 
before.  Some  may  have  heard  it 
used  to  describe  a person  who  is 
ruthless.  If  so,  help  them  to  see 
that  certain  terms  sometimes  ac- 
quire several  different  meanings. 


For  this  reason,  scientists  are  very 
careful  about  defining  their  terms 
clearly  and  precisely. 

Be  sure  your  pupils  understand 
that  a cold-blooded  animal  is  not 
one  whose  blood  is  always  cold. 
Actually,  the  body  temperature  of 
cold-blooded  animals  is  usually 
slightly  above  that  of  their  envir- 
onment. This  state  is  probably  due 
to  the  comparatively  slow  rate  of 
oxidation  in  cold-blooded  ani- 
mals. These  animals  require  much 
less  oxygen  to  sustain  life  than  is 
required  by  warm-blooded  ani- 
mals. Experiments  have  demon- 
strated that  fish  and  other  cold- 
blooded animals  can  be  frozen  in 
ice  and  then  thawed  out  slowly 
without  sustaining  permanent  in- 
jury. Additional  examples  of  cold- 
blooded animals  include  toads, 
snakes,  salamanders,  crocodiles, 
alligators,  turtles,  and  other  am- 
phibians and  reptiles. 

As  pointed  out  in  the  text,  people 
are  warm-blooded.  The  tempera- 
ture of  our  body  is  about  98.6°  F.; 
that  of  birds  is  slightly  higher. 

Warm-blooded  animals  maintain 
a nearly  constant  body  tempera- 
ture regardless  of  the  temperature 
of  their  environment.  This  is  made 
possible  by  a comparatively  rapid 
oxidation  of  food  in  the  body  for 
the  production  of  heat  and  by 


Some  animals  are  cold-blooded.  The 
body  temperatures  of  cold-blooded  animals 
change  as  the  temperatures  of  their 
environments  change.  A fish  is  a cold-blooded 
animal.  A frog  is  a cold-blooded  animal.  So 
is  a turtle.  Their  body  temperatures  change 
when  the  temperature  of  the  water  in  which 
they  live  changes. 


Some  animals  are  warm-blooded.  The 
body  temperatures  of  warm-blooded  animals 
always  stay  about  the  same.  You  are  warm- 
blooded. All  people  are  warm-blooded. 
What  do  you  do  as  the  air  temperature 
changes?  What  do  you  do  when  it  gets 
very  warm?  What  do  you  do  when  the 
temperature  is  very  low? 


special  adaptations,  such  as  sweat 
glands,  that  prevent  body  temper- 
ature from  rising  too  high  above 
normal  levels. 

Both  cold-blooded  and  warm- 
blooded animals  inhabit  a variety 
of  environments.  In  the  cold  arctic 
regions  of  the  earth  you  will  find 
polar  bears  and  seals,  both  warm- 
blooded, as  well  as  fish  and  other 
cold-blooded  animals.  In  the  hot, 
humid  environment  of  the  tropics, 
you  will  find  cold-blooded  ani- 
mals such  as  snakes  and  alligators, 
along  with  warm-blooded  animals 
such  as  birds.  Caution  children 
about  generalizing  that  cold- 
blooded animals  are  found  in  one 
kind  of  environment  and  warm- 
blooded in  another. 

Background:  The  following  material 
will  help  you  with  Using  the  Sci- 
entist's Way  on  page  114. 

For  this  activity,  fill  each  jar  half- 
way with  soil.  Using  a hammer 
and  nail,  punch  a few  air  holes  in 
each  jar  cap.  Dissolve  some  sugar 
in  water  and  dip  a small  piece  of 
bread  in  the  solution.  Place  a tiny 
piece  of  the  bread  in  each  jar. 
Cover  each  jar  with  a cap  after  a 
single  ant  has  been  inserted.  Put 
each  jar  in  a cool  location.  Chil- 
dren should  observe  the  ants  in 
each  jar  every  day.  Ask  them  to 
report  on  what  they  see. 


TEACHING  SUGGESTIONS 
(pp.  114-116) 


• LESSON:  How  can  animals  live  in 
a desert? 


Background:  The  Life  Nature  Library 
volume  Deserts  has  an  abundance 
of  data  regarding  temperature 
ranges  and  rainfall  in  the  various 
deserts  of  the  world.  Summer  air 
temperatures  of  120°  F.  are  not  at 
all  uncommon  in  the  desert,  and 
ground  temperature  is  generally 
30°  to  50°  higher  than  the  air  tem- 
perature. Average  rainfall  is  less 
than  10  inches  a year,  and  there 
are  many  places  that  may  go  as 
long  as  10  years  without  rain.  The 
low  water  content  of  the  air  ac- 
counts for  the  sun's  rays'  being  so 
penetrating  during  the  day.  It  also 
accounts  for  the  rapid  heat  loss 
during  the  night;  temperatures 
may  drop  at  night  by  as  much  as 
50°. 

Learnings  to  Be  Developed:  Animals 
that  are  adapted  to  desert  environ- 
ments can  get  along  with  relatively 
little  water  for  long  periods  of 
time. 

Developing  the  Lesson:  Start  a discus- 
sion that  will  help  children  recog- 
nize the  extreme  importance  of 
water  in  our  lives. 

What  is  the  longest  time  that  you 

have  ever  gone  without  waters 
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USING  THE  SCIENTIST'S  WAY 


Ants  are  “social”  insects.  That  means 
they  do  not  live  by  themselves.  Ants  live 
together  in  large  colonies.  They  are 
adapted  to  that  kind  of  life. 

Can  an  ant  adapt  to  living  alone? 
Collect  some  ants.  Put  each  one  in  its 
own  jar.  Be  sure  that  each  ant  gets  food, 
water,  and  air.  What  happens? 


How  Can  Animals  Live 
in  a Desert? 

Here  is  a picture  of  a kangaroo  rat. 
The  kangaroo  rat  is  an  animal  that  is 
adapted  to  living  in  a desert  environment. 


The  desert  gets  very  hot  in  the  daytime. 
But  when  the  hot  sun  shines  on  the  desert, 
the  kangaroo  rat  keeps  cool.  It  keeps  cool 
by  staying  under  the  ground.  It  stays  about 
two  feet  under  the  ground  in  a tunnel. 

The  kangaroo  rat  is  a nocturnal 
(nok-TER-nul)  animal.  A nocturnal  animal 
is  active  at  night.  The  kangaroo  rat  comes 
out  each  night  to  hunt  for  its  food.  It  hunts 
for  seeds. 

There  is  not  much  water  in  the  desert. 
That  is  because  there  is  very  little  rain  in  the 
desert.  But  the  kangaroo  rat  does  not  need 
much  water  to  live.  The  kangaroo  rat  is 
adapted  to  a dry  environment.  It  gets  the 
water  it  needs  from  the  seeds  that  it  eats. 


‘ Which  could  you  do  without 
j longer,  water  or  food? 

i The  kangaroo  rat  is  an  animal  that 
can  do  without  water  for  long  pe- 
I riods  of  time.  He  does  this  by 
I living  underground  during  the  day. 
j His  respiration,  with  resultant  wa- 
I ter  loss,  contributes  to  the  moisture 
I of  the  burrow  in  which  he  lives, 
j The  seeds  he  stores  in  his  burrow 
absorb  some  of  this  moisture, 
which  he  in  turn  reabsorbs  when 
he  eats  them.  Furthermore,  the 
kidneys  of  the  kangaroo  rat  reab- 
sorb more  water  from  urine 
than  do  most  kidneys.  Thus  his 
body  wastes  contain  very  little 
moisture. 


Here  is  a good  place  to  make  the 
point  that  the  kangaroo  rat  did  not 
develop  these  adaptations  because 
he  found  himself  living  in  the  dry 
desert.  In  the  development  of  the 
species,  these  characteristics  ap- 
peared and  thus  made  it  possible 
for  these  animals  to  survive  in  the 
desert. 

Nocturnal  is  a new  word  intro- 
duced in  this  lesson.  The  diction- 
ary defines  nocturnal  as  done  or 
occurring  in  the  night,  as  opposed 
to  diurnal,  meaning  done  or  oc- 
curring in  the  daytime.  The  kan- 
garoo rat  is  a nocturnal  animal. 
Have  children  suggest  names  of 
other  nocturnal  animals  and  list 
them  on  the  chalkboard.  Include 


bats,  moths,  mosquitoes,  fireflies, 
swallows,  and  night  hawks.  Now 
write  diurnal  on  the  chalkboard 
and  have  children  list  examples  of 
diurnal  animals. 

The  kangaroo  rat  uses  his  claws 
for  digging.  Keep  in  mind  that 
structure  (sharp  claws)  and  func- 
tion (what  is  done  with  them)  are 
closely  related  in  all  animals.  Have 
children  list  animals  that  have 
sharp  claws,  such  as  tigers,  cats, 
hawks,  and  eagles. 

• How  do  these  animals  use  their 
claws?  (Food-getting  and,  in  the 
case  of  cats,  climbing.) 

There  are  many  other  desert  ani- 
mals that  your  pupils  may  enjoy 
investigating.  Suggest  that  they 
find  out  about  an  interesting  des- 
ert bird  called  the  roadrunner,  and 
about  the  horned  lizard  and  the 
gila  monster.  The  roadrunner  is  a 
warm-blooded  animal,  and  the  liz- 
ard and  gila  monster  are  cold- 
blooded. Let  the  children  discover 
how  each  is  adapted  to  the  desert 
environment. 

Plants  on  the  desert  are  also 
specially  adapted  to  the  heat  and 
lack  of  moisture.  Some  plants 
persist  only  as  seeds,  ready  to 
germinate,  develop,  flower,  and 
produce  more  seeds  very  quickly 
whenever  it  rains.  Such  seeds 
germinate  only  after  sufficient  rain 
has  fallen  to  assure  their  survival. 


The  kangaroo  rat  can  live  well  in  a desert 
environment  where  the  days  are  hot  and  dry. 
Look  at  the  picture.  How  do  you  think  the 
kangaroo  rat  uses  its  sharp  claws? 

For  digging  and  to  keep  his  feet  from  slipping  when  he  takes  such  long  jumps. 

USING  THE  SCIENTIST’S  WAY* 

You  can  learn  more  about  the  desert. 
Make  up  some  questions  about  the  desert. 
You  might  want  to  ask  questions  such  as 
“What  kinds  of  plants  are  there  on  a 
desert?”  and  “How  are  they  adapted?” 
Then  try  to  find  the  answers  to  your 
questions.  What  good  sources  can  you 
use? 

How  can  you  find  out  about  animals, 
other  than  the  kangaroo  rat,  that  live  in 
the  desert?  Try  to  find  out  how  such 
animals  are  adapted  to  living  in  a place 
where  the  days  are  hot  and  dry. 

Scientists  ask  questions  and  use  good  sources  to  find  the  answers. 
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How  Can  Animals  Live 
in  a Forest? 


The  forest  is  an  environment  where  there 
are  many  trees.  Many  nuts  fall  to  the 
ground  from  the  trees. 

A squirrel  is  an  animal  that  is  adapted  to 
living  in  a forest.  A squirrel  eats  nuts.  A 
squirrel  can  find  the  nuts  near  the  trees  in 
the  forest. 

A squirrel  has  very  sharp  claws.  It  uses 
its  sharp  claws  to  dig  holes  in  the  ground. 
The  squirrel  puts  the  nuts  into  the  holes  and 
then  fills  up  the  holes. 

The  sharp  claws  also  help  the  squirrel  to 
climb  trees  to  get  away  from  other  animals. 


TEACHING  SUGGESTIONS 
(pp.  117-119) 

• LESSON:  How  can  animals  live  in 
the  forest? 

Learnings  to  Be  Developed: 

The  forest  floor  is  a shaded  envi- 
ronment. 

Trees  provide  food  and  protection 
for  a variety  of  animals. 

In  their  development,  squirrels 
have  become  adapted  to  live  in 
a variety  of  environments. 

Developing  the  Lesson:  Trees  need 
water  to  grow. 

Sketch  the  general  rainfall  map 
of  the  United  States  shown  below 
on  the  chalkboard: 


] 40  to  80 


Over  80  inches 


Tell  the  children  that  the  shaded 
parts  are  those  that  usually  get  10 
inches  or  more  of  annual  rainfall. 
The  unshaded  area  generally  has 
less  than  10  inches  of  rainfall. 
In  the  southern  part  of  the  un- 
shaded area,  in  southern  Califor- 
nia, Nevada,  New  Mexico,  and 
Arizona,  our  deserts  are  located. 
In  the  mountainous  regions  of  the 
unshaded  area,  rainfall  is  often 
sufficiently  high  for  trees  to  grow. 
Thus,  there  are  some  forests  in  this 
region,  but  only  in  the  mountains. 

Talk  about  forests  with  those  chil- 
dren who  have  been  in  one. 

Was  the  forest  hot  or  cold? 
(Cooler  than  in  the  open.) 

Was  it  sunny  or  shaded?  (Shaded 
by  crowns  of  trees.) 

With  what  was  the  ground  cov- 
ered? (Dead  leaves,  plants, 
twigs.) 

What  animals  did  you  see? 
(Squirrels,  birds,  deer,  wood- 
chucks.) 

Now  study  the  squirrel  as  one  of 
the  animals  adapted  to  live  in  the 
forest. 

• What  are  nuts?  (The  seeds  of 
trees  that  produce  them.  Like 
other  seeds,  they  contain  stored 
food.) 


There  are  many  kinds  of  squirrels.  Some 
squirrels  make  their  nests  in  the  branches  of 
the  trees.  Some  make  their  nests  in  holes 
in  the  trees. 


Both  the  antelope  ground  squirra'.  - ^ ‘■•'.h  I- 

iailed  ground  squirrel  are  n ^ 'as 


The  red  squirrel  lives  in  coniferous 
forests  in  the  R -cky  m-jnntains  and 
the  northern  U.S. 


The  gray  squirrel  is  often  seen  in 
parks  of  the  eastern  U.S. 

USING  THE  SCIENTIST’S  WAY 


The  tufted-ear  squirrel  lives  in  yellow 
pine  forests  of  the  Southwest. 


The  chickaree  squirrel  lives  in  the  tall 
Here  are  pictures  of  four  kinds  of  p/nes  and  spruce  trees  of  the  North- 
west. 

squirrels.  Each  of  these  squirrels  lives  in  a 


different  part  of  the  United  States.  Tell 


which  squirrel  lives  in  your  part  of  the 
country.  Use  the  library  to  find  out  how 
that  kind  of  squirrel  is  different  from  other 


kinds  of  squirrels. 


j What  are  some  trees  that  pro- 
duce nuts?  (Hazel,  hickory,  pe- 
can, walnut,  pine,  and  oak.) 

Do  squirrels  eat  other  foods  be- 
sides nuts?  (Yes;  they  eat  seeds, 
fruit,  cones,  and  insects.  Some 
will  occasionally  eat  birds'  eggs.) 

What  kind  of  homes  do  squirrels 
build?  (In  addition  to  those  men- 
tioned in  the  text,  ground  squir- 
rels live  in  burrows.) 

Follow-Up:  Review  the  ways  in 
which  some  squirrels  are  adapted 
to  a forest  environment.  Discuss 
the  food  they  eat,  the  places 
where  they  build  their  homes,  the 
claws  on  their  toes  for  digging  and 
climbing  trees,  and  the  color  of 
their  coat,  which  blends  with  the 
environment. 

ADDITIONAL  ACTIVITIES: 

On  page  67  of  Herbert  Zim's  Gold- 
en Book  Guide  Mammals,  an  evo- 
lutionary tree  of  the  mammalian 
order  of  rodents,  to  which  squir- 
rels belong,  is  present.  On  page 
119  is  the  family  tree  of  squirrels, 
both  the  ground  and  the  tree 
dwellers.  Children  can  make  at- 
tractive reproductions  of  these  for 
bulletin  board  displays.  Such  an 
activity  will  help  them  to  a better 
understanding  of  the  relatedness 
of  living  things  and  how  they  are 
classified. 
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TEACHING  SUGGESTIONS 

(pp.  120-123) 


How  Can  Animals  Live 
on  High  Mountains? 


• LESSON:  How  Can  animals  live  on 
high  mountains? 

Background:  The  principal  environ- 
mental conditions  that  limit  living 
things  in  high  mountain  areas  are 
the  low  temperature  and  the  rocky 
nature  of  the  terrain.  Precipitation 
on  high  mountains  is  quite  heavy. 
Winds  are  very  strong  and  blow 
much  of  the  time.  Because  of  the 
low  temperatures,  the  snow  melts 
very  slowly.  Above  an  altitude  of 
about  10,000  feet  in  the  Colorado 
Rockies,  it  is  so  cold  that  the 
ground  never  thaws  out  below 
about  18  inches.  Trees  and  other 
plants  that  have  deep  root  systems 
cannot  survive  above  this  altitude, 
which  is  known  as  the  timber  line. 
There  are  no  trees  growing  above 
the  timber  line,  but  there  is  a great 
variety  of  low-growing  flowering 
plants  and  mosses.  This  area  is 
called  the  alpine  tundra.  A variety 
of  birds,  reptiles,  and  mammals 
find  the  alpine  tundra  a suitable 
place  to  live. 

Learnings  to  Be  Developed: 

Low  temperatures  in  high  moun- 
tains limit  the  types  of  plants  that 
can  grow  there. 

Animals  that  live  in  high  moun- 
tains are  adapted  to  environmental 
conditions  there. 


Mountains  are  often  very  rocky.  There 
are  only  a few  plants  that  can  grow  among 
the  rocks  near  the  tops  of  high  mountains. 

Grasses  and  mosses  are  often  the  only 
plants  that  can  grow  near  the  tops  of  very  high 
mountains.  Mosses  are  small  green  plants 
that  grow  well  in  rocky  places.  You  may  have 
\ seen  mosses  growing  in  sidewalk  cracks  or 

on  bricks  or  stones. 


Plants  of  the  Alpine 

tundra  during  summer  months. 


You  might  think  that  it  would  be  hard 
for  most  animals  to  live  near  the  tops  of  very 
high  mountains.  You  would  be  right  if  you 
thought  so.  Most  animals  cannot  live  well 
where  it  is  so  hard  to  get  food. 

But  one  animal  that  can  live  well  near  the 
tops  of  high  mountains  is  the  mountain  goat. 
The  mountain  goat  is  adapted  to  living  in  a 
mountain  environment. 


Developing  the  Lesson: 

Who  has  ever  climbed  a moun- 
tain? 

Why  do  people  climb  moun- 
tains? (Primarily  for  the  satisfac- 
tion of  accomplishment.) 

How  must  they  dress?  (They  wear 
clothing  that  will  protect  them 
from  low  temperatures  and  in- 
tense light.) 

What  equipment  do  they  use? 
(Picks,  ropes,  special  shoes,  oxy- 
gen tanks.) 

Why  do  they  use  oxygen  tanks? 
(Oxygen  in  the  atmosphere  on 
very  high  mountains  is  not  suf- 
ficient for  most  people.  How- 
ever, the  Indians  who  live  in  the 
high  mountains  of  the  Andes  are 
adapted  to  a low-oxygen  atmos- 
phere.) 

Mountain  goats  are  exceedingly 
rare  in  the  United  States,  however, 
with  only  a few  living  in  the  moun- 
tain country  of  northern  Idaho. 
The  bighorn  sheep  is  much  more 
common  throughout  the  Rocky 
Mountains.  If  possible  find  a pic- 
ture of  the  bighorn  sheep  and  use 
it  and  the  mountain  goat  as  two 
examples  of  animals  that  are 
adapted  to  survive  in  craggy 
mountain  environments. 

Children  can  easily  be  helped  to 
understand  how  the  soft,  flexible 
hoof  of  the  mountain  goat  con- 


tributes  to  its  sure-footed  move- 
ments in  high  mountains.  Com- 
pare the  children's  sneakers  with 
the  split  hoof  of  the  mountain 
goat.  Indicate  how  friction  helps 
both  goats  and  sneaker-clad  chil- 
dren to  be  more  sure-footed. 

Take  some  time  to  talk  about  ani- 
mals' feet.  Discuss  how  each  type 
equips  the  animal  for  its  environ- 
ment. Here  are  some  examples  to 
consider:  The  webbing  between 
the  toes  of  a duck  equip  it  for 
swimming  and  wading  in  mud. 
The  beaver  also  has  webbing  be- 
tween the  toes  of  its  hind  feet.  The 
strong,  sharp  toes  of  eagles  and 
hawks  equip  them  with  effective 
ways  of  capturing  food.  The 
mountain  lion  has  sharp  claws, 
which  equip  him  to  climb  trees 
and  to  capture  deer  and  other 
mammals  for  food.  Recall  the  feet 
and  hind  legs  of  the  kangaroo  rat. 
He  does  not  run,  but  takes  long, 
kangaroo-like  jumps. 

Children  doing  the  activity  under 
Using  the  Scientist's  Way  on  page 
122  may  experience  difficulty 
identifying  animals  native  to  a par- 
ticular mountain  range,  especially 
if  they  live  some  distance  from 
important  ranges.  Provide  chil- 
dren with  the  following  list  of 
mountain-dwelling  animals,  and 
ask  them  if  they  can  find  informa- 
tion about  these  animals  in  the 


The  mountain  goat  can  walk  very  well 
where  it  is  rocky.  It  has  padding  under  its 
hoofs,  which  helps  to  make  it  sure-footed. 
It  can  climb  where  almost  no  other  animals 
can  go. 

The  mountain  goat  eats  the  grasses  and 
mosses  that  grow  near  the  tops  of  the  high 
mountains. 

It  is  often  very  cold  on  the  tops  of  high 
mountains.  But  the  mountain  goat  has  fur 
that  helps  to  keep  it  warm  on  cold  days. 

A mountain  goat  can  live  very  well  in  a 
mountain  environment. 


USING  THE  SCIENTIST'S  WAY 


Look  at  the  picture  on  the  next  page, 
which  shows  a map  of  the  United  States. 
Find  your  state  on  the  map.  Find  the 
mountains  that  are  nearest  to  your  home. 
Which  animals  live  in  those  mountains? 
How  can  you  find  out?  What  good  sources 
can  you  use?  You  might  want  to  look  in 
an  encyclopedia  in  the  library.  Or  you 
might  want  to  write  a letter  to  a museum 
of  natural  history. 


sources  mentioned:  Mountain 
lion,  meadow  vole,  jack  rabbit, 
bighorn  sheep,  rock  marmot, 
black  swift,  American  elk,  ground 
squirrel,  golden  eagle. 

Follow-Up: 

• Why  is  the  temperature  usually 
lower  in  the  mountains  than  in 
the  surrounding  country?  (Tem- 
peratures generally  drop  about 
3°  F.  for  every  1,000  foot  rise  in 
altitude.) 

• How  are  animals  adapted  to 
high-mountain  living?  (Cushion- 
ed feet,  protective  coloration, 
heavy  fur,  ability  to  survive  on 
limited  food  supply.) 

o additional  ACTIVITIES: 

Write  to  the  National  Park  Service, 
Department  of  the  Interior,  Wash- 
ington, D.C.,  and  ask  them  for 
information  about  what  animals 
are  found  in  such  mountain  parks 
as  Mt.  Ranier  National  Park  in 
Washington,  and  Rocky  Mountain 
National  Park  in  Colorado.  Our 
national  parks  are  large  wilderness 
areas  set  aside  as  places  where 
plant  and  animal  life  will  be  main- 
tained in  its  natural  condition. 
This  book  about  our  National 
Parks  will  give  you  a good  deal 
more  information:  The  National 
Parks— What  They  Mean  to  You 
and  Me,  by  Freeman  Tilden  (Al- 
bert A.  Knopf,  1954.) 


(pp.  124-125) 


LESSON:  How  Can  animals  live  in 
the  sea? 

Background:  Scientists  have  identi- 
fied more  than  40  species  of  seals. 
Some  remain  a lifetime  in  arctic 
waters,  while  others  are  far- 
ranging  and  periodically  travel  to 
tropic  waters.  Sharks  and  killer 
whales  prey  on  seals,  but  the 
greatest  predator  of  the  seal  has 
been  man.  At  present,  interna- 
tional agreements  protect  seal 
populations  against  wholesale 
destruction  for  commercial  pur- 
poses. 

Learnings  to  Be  Developed: 

Sea  environments  are  quite  differ- 
ent from  land  environments. 

Animals  that  live  in  the  sea  are 
specially  adapted  to  that  environ- 
ment. 

Developing  the  Lesson: 

How  many  children  know  how 
to  swim? 

How  many  are  good  swimmers? 

How  old  were  you  when  you 
learned  how  to  swim? 

Look  at  the  picture  of  the  sea 
lion  in  the  text.  How  old  are 
young  sea  lions  when  they  learn 
how  to  swim?  (Sea  lions  can 
swim  from  birth.) 


How  Can  Animals  Live 
in  the  Sea? 


The  sea  lion  is  an  animal  that  can  live 
well  in  the  sea.  Look  at  the  picture.  How 
do  you  think  the  sea  lion  moves  through 

the  water?  v;.  - .s  on  his  appendages 

The  sea  lion’s  body  is  covered  with  fur. 
Under  the  fur  is  a thick  layer  of  fat.  How 
do  you  think  the  fur  and  fat  help  the  sea  lion 
keep  warm  in  cold  water?  vtsu/at-: 

The  sea  lion  eats  smaller  animals  that  it 
finds  in  the  water.  Here  is  a picture  of  some 
of  those  animals.  Can  you  name  them? 


Fish 

Squid 


Some  animals  eat  sea  lions.  But  the  sea 
lion  is  a good  swimmer.  It  can  often  swim 
away  from  the  animals  that  try  to  catch  it 
and  eat  it. 


USING  THESCIENMSf  > 

A flounder  is  an  animal  that  lives  in  the 
water  all  the  time.  Try  to  find  out  more 
about  this  fish.  What  foods  does  a 
flounder  eat?  Does  a flounder  stay  near 
the  top  or  near  the  bottom  of  the  water? 
What  good  sources  can  you  use? 


* Scientists  are  curious,  ask  questions,  and  use  good 
sources. 


Why  is  it  easier  for  a sea  lion  to 
swim  than  for  you  to  swimf 
(Body  is  adapted  for  swimming.) 

Some  seals  have  two  sets  of  flip- 
pers, which  enable  them  to  move 
over  land  or  ice.  Others  have 
hind  flippers  attached  to  their  tail, 
and  are  somewhat  better  adapted 
to  aquatic  life. 

Point  out  that  seals  are  mammals 
and  must  breathe  free  air  through 
lungs.  They  manage  to  keep  warm 
as  a result  of  the  insulating  prop- 
erties of  their  fur  and  the  fatty 
layers  under  their  hides.  Compare 
seals  to  mountain  goats:  both  are 
warm-blooded  and  depend  on  a 
furry  coat  for  insulation  against 
cold. 

Background:  The  following  informa- 
tion will  help  with  Using  the  Sci- 
entist's Way  on  page  125. 

Herbert  Zim's  Golden  Nature 
Guide  entitled  Fishes  is  an  excel- 
lent source  for  material  on  floun- 
ders and  other  fish.  In  their 
research,  children  will  discover 
that  flounders  are  flat  fish.  Their 
unusual  bodies  are  adapted  to 
lying  on  the  bottom  of  the  water. 
The  undersides  of  their  bodies  are 
almost  white.  Eyes  are  located  on 
the  top  sides  of  their  bodies.  The 
coloration  on  the  top  side  usually 
blends  in  with  the  brown  bottom 
of  the  ocean,  which  makes  it  diffi- 
cult for  their  enemies  to  see  them. 
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TEACHING  SUGGESTIONS 

(pp.  126-127) 

• LESSON:  How  can  animals  live  in 
the  ground? 

Learnings  to  Be  Developed:  Animals 
that  live  in  the  ground  are  adapted 
to  the  environmental  conditions 
found  there. 

Developing  the  Lesson: 

Have  you  ever  dug  in  the 
ground?  What  did  you  find? 

Insects  and  worms  will  no  doubt 
be  on  the  list  of  things  children 
found  in  the  ground.  If  the  ground 
is  not  frozen,  you  might  take  the 
children  on  a field  trip  to  a vacant 
lot  to  dig  in  the  ground.  Encourage 
them  to  look  for  evidences  of 
living  things.  It  will  be  most  un- 
usual if  they  don't  find  earth- 
worms. They  will  also  find  the 
roots  of  plants.  Develop  the  idea 
that  many  things  live  in  the 
ground. 

• What  must  living  things  have  in 
order  to  stay  alive? 

• Is  there  air  in  soil?  (You  can  find 
out  by  placing  3 or  4 cups  of  soil 
in  a glass  jar.  Pour  2 cups  of  wa- 
ter over  the  soil.  As  the  water 
goes  into  the  soil,  it  will  displace 
the  air,  which  will  come  out  of 
the  water  as  bubbles.) 

Is  there  food  in  the  soil?  (Plant 
roots  and  microorganisms.) 


in  the  Ground? 

Note  how  the  mole's  feet  are  * , . • i i i 

adapted  for  digging.  A mole  IS  an  animal  that  IS  adapted  to 

living  in  the  ground.  Here  is  a picture  of 
the  mole’s  home  in  the  ground. 

The  mole  stays  in  the  ground  most  of  the 
time.  The  mole  digs  tunnels  in  the  ground. 
The  mole’s  strong  front  legs  and  claws  help 
it  to  dig  the  tunnels  in  the  ground. 

You  might  think  there  is  not  much  to 
eat  in  the  ground.  But  many  bugs  and 
worms  live  there.  The  mole  eats  many  kinds 
of  bugs  and  worms. 
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The  mole  has  very  small  eyes  and  ears. 
But  the  mole  can  still  find  its  way  through 
the  tunnels  in  the  ground.  The  mole  can 
find  its  way  by  using  the  hairs  on  its  tail 
and  its  legs. 

The  mole  can  live  very  well  in  the 
environment  of  the  ground. 


USING  THE  SCIENTIST'S  WAY 


* Making  comparisons 
and  testing  ideas 


Your  hair  can  help  you  to  feel  things. 
Close  your  eyes.  Have  a friend  touch  your 
hair  very  lightly.  Be  sure  that  your  friend’s 
hand  touches  only  your  hair  and  not  your 
head.  Can  you  feel  when  your  friend’s  hand 
touches  your  hair? 


Now  take  up  the  mole  as  an  ani- 
mal that  lives  in  the  ground.  Call 
attention  to  the  shape  of  the  mole. 
Ask  how  this  shape  is  well  adapted 
to  moving  through  small  tunnels. 
Point  out  to  children  that  the  fore- 
paws of  moles  are  especially  suit- 
able for  digging.  Ask  them  to 
notice  how  the  length  of  the  legs 
is  adapted  for  tunneling. 

After  children  have  established 
the  fact  that  they  can  feel  when 
someone  touches  their  hair,  dis- 
cuss the  senses  of  animals  that 
make  them  aware  of  conditions 
in  their  environment; 

How  is  the  dog  sensitive  to  his 
environment?  (Especially  keen 
senses  of  sound  and  smell.) 

How  is  a bird  sensitive  to  its  en- 
vironment? (Some  birds,  like 
hawks,  eagles,  and  owls,  have 
extremely  good  eyesight  and  can 
see  their  prey  from  high  above 
the  earth.  Other  birds  use  their 
sense  of  hearing  to  find  food. 
Robins,  for  example,  listen  for 
earthworms  in  the  ground.) 

Among  the  most  important  ani- 
mals in  the  world  is  the  earth- 
worm, which  lives  by  eating  its 
way  through  soil  and  enriching  it. 
Earthworms  also  make  tunnels 
through  which  air,  water,  seeds, 
and  plants  may  penetrate  the  soil. 
Ask  some  children  to  find  out 
more  about  how  earthworms  live. 
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TcACHl^-G  SUGGESTIOi-ili 
(pp.  128-143) 

Background:  Some  ZOOS  are  oper- 
ated by  private  individuals,  some 
by  municipalities,  and  some  by 
zoological  societies. 


i 


Zoos  are  maintained  for  the  study  ; 
and  preservation  of  many  kinds  of  [ 
animal  species.  Kangaroos,  hippo-  :| 

potamuses,  lions,  tigers,  auks,  and  j 

other  animals  are  imported  to  this  j 
country  so  that  we  may  become  :i 
familiar  with  the  vast  array  and  ,i 
diversity  that  exists  within  the  ani- 
mal  kingdom.  Zoos  also  keep  wild  j 
animals  native  to  the  United  States  I 
for  the  same  reason.  If  your  school  ! 
is  in  a large  city,  very  few  children  | 
will  be  aware  of  the  wide  range  of  | 
wild  animals  not  far  from  them.  j 

Many  zoos,  such  as  the  New  York  | 
Zoological  Park,  exhibit  rare  and  f 
strange  animals  not  native  to  this  j 
country,  such  as  the  duck-billed  | 
platypus.  However,  exhibiting  rari- 
ties is  not  the  first  aim  of  a zoo. 
Rather,  zoos  seek  a representative 
selection  of  animal  life,  as  wide  a | 
scope  as  possible.  Many  zoos  have  j 
good  habitat  groups,  or  areas  in 
which  the  geographical  features 
of  an  area  and  the  animals  and 
plants  contained  in  it  are  put  to-  | 
gether.  Habitat  groups  are  built  to  \ 
resemble  as  closely  as  possible  the  f 
natural  environments  from  which  | 
the  animals  came.  I 


zijggeziea  ni::  with  your  pupils  as  though  you 

ABOUT  “A  VISIT  TO  A ZOO  AND  AN  AQUARIUM” 

. ■‘ddarrna;  poim^^o  ^[-,0  few  pages  you  will  tour  by  way  of 
pictures  and  words  one  of  the  world’s  great  zoos, 
the  New  York  Zoological  Park  (zoh-uh-LAHJ-ih-k’l), 
one  of  the  institutions  operated  by  the  New 
York  Zoological  Society.  This  zoo  has  about  3,500 
rnsre  ar:  :nore  than  animals  of  more  than  1,000  different  kinds.  This 

amereni 

specia,  > , anruais  picture  story  will  show  some  of  the  things  that 
happen  behind  the  scenes  at  the  zoo. 

Animals  are  brought  to  the  zoo  from  all  parts  of 
the  world.  They  may  be  bought  from  wild  animal 
dealers,  collected  by  members  of  the  zoo  staff,  or 
given  as  gifts  to  the  zoo.  Another  way  by  which  a 
zoo  gets  animals  is  when  an  animal  is  born  at  the 
zoo.  This  method  is  important,  because  many 
parts  of  the  world  are  shut  off  from  collectors.  It 
is  also  cheaper  to  have  an  animal  born  at  the  zoo 
than  to  buy  it  or  send  an  expedition  to  hunt  for  it. 
The  animals  come  from  many  environments. 

The  scientists  and  keepers  at  the  zoo  are 

trained  to  take  good  care  of  the  animals. 

Discuss  differences 

among  mammals,  There  are  three  animal  departments  at  the  zoo— 
biras,  a,, J reptiles  mammals,  birds,  and  reptiles.  A 

curator  (kyoo-RAY-ter)  is  in  charge  of  each.  Each 

His  major  in  college  . ■ ■ x-  j. 

was  zoology,  curator  IS  a scientist  who  has  studied  for  many 

years  the  kinds  of  animals  placed  in  his  charge. 

Emphasize  this!  After  ^ , 

the  picture  story  trip  Because  of  the  care  given  these  animals, 

comeoacktoitana^^Qy  often  live  longer  in  the  zoo  than  their 

ask  vany  iney  think  ^ ° 

this  would  be  true,  ov^n  kind  do  living  in  the  wild. 
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A Visit  to  a Z6c 
Aquariu 


Before  going  through  these  pages 
with  your  pupils,  you  might  con- 
sider making  a field  trip  to  a zoo, 
if  one  is  nearby.  If  you  decide  to 
do  so,  plan  ahead.  Any  excursion 
should  be  a carefully  planned 
learning  experience  for  the  pupils 
and  should  be  compatible  with 
the  aims  and  outcomes  of  the 
learnings  being  taught.  The  trip  to 
the  zoo  may  serve  as  an  introduc- 
tion to  this  unit,  as  a source  of 
information  while  study  of  the 
unit  is  in  progress,  as  a summary 
of  the  unit,  as  a follow-up  to  the 
unit.  In  any  event,  this  trip,  and 
any  others  you  may  plan,  demands 
attention  to  a multitude  of  details. 

A checklist  for  a successful  zoo 
trip  includes: 

1.  Contact  the  zoo  before  the  trip 
and  set  a date  to  coincide  with  the 
anticipated  relevant  classwork. 

2.  Check  with  the  administration 
and  set  the  date  for  the  trip. 

3.  For  the  trip  to  be  a success, 
give  the  pupils  sufficient  back- 
ground material. 

4.  Obtain  parental  approval  prior 
to  the  trip. 

5.  Prepare  a study  guide  for  the 
trip  that  will  contain  background 
material  related  to  items  that  will 
be  observed  along  the  way.  Ques- 
tions pertaining  to  things  seen  and 
heard  should  be  listed. 


Once  at  the  zoo,  emphasize  the 
purpose  of  the  visit. 

If  you  can  arrange  to  go  behind 
the  scenes  at  the  bird  house  and 
visit  with  head  keeper  there,  such 
questions  as  these  may  be  asked: 

How  many  birds  are  there  in  this 
housei’ 

How  many  different  kinds  are 
there  f 

Where  do  many  of  the  birds 
come  from? 

How  did  the  zoo  acquire  them? 

• How  are  their  habitats  like  their 
natural  environments? 

What  do  you  feed  these  birds? 
Do  birds  have  different  diets? 

• How  are  the  foods  prepared? 

•How  long  in  advance  are  the 
foods  prepared? 

•How  long  does  it  take  your  staff 
to  feed  them? 

•How  do  they  all  get  fed  at  the 
same  time? 

•Do  any  of  them  ever  get  sick? 
•How  are  they  taken  care  of? 

•Is  any  research  done  on  these 
birds? 

•How  do  scientists  study  the 
natural  homes  of  animals  and 
then  copy  them  for  the  zoo? 


Our  first  stop  is  the  Bird  House. 
We  are  just  in  time  to  see  the  day's 
food  supply  arrive. 


Feeding  hundreds  of  birds  is  a 
big  job.  The  keeper  must  mix  the 
right  amounts  of  foods.  What  foods 
do  you  see  on  the  table? 

Carrots,  eggs,  rice,  grain,  liver 


A big  grinder  chops  liver. 
When  the  grinding  is  finished  the 
food  is  placed  in  a refrigerator  until 
feeding  time.  Can  you  tell  why? 

To  keep  it  from  spoiling 
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What  materials  do  they  use? 


Here  are  three  different 
kinds  of  grains  that  will 
be  fed  to  the  birds. 


Sunflower 

seed 


Scratch  feed, 
corn,  barley,  oats 


Small  bird  mixture: 
canary  seed,  rape  seed, 
yellow  and  red  millet 


The  food  trays  are  placed  in 
each  bird  cage.  As  soon  as  the 
keeper  leaves  the  trays  and  goes, 
the  birds  will  swoop  down  from  the 
trees  for  their  breakfast. 


Many  exhibits  in  the  Aquatic 
Bird  House  are  not  cages.  They  are 
open  exhibits,  with  nothing  between 
the  birds  and  the  people.  Aquatic 
birds  live  in  wet  environments.  In 
this  house,  the  environments  the 
birds  live  in  are  just  like  those 
they  came  from. 


Where  do  the  scientists  get  the 
trees  and  other  plants  found  in 
the  habitat  displays? 

How  do  they  control  tempera- 
ture and  moisture? 

How  do  the  foods  given  to  the 
animals  in  the  zoo  compare  with 
the  foods  the  animals  eat  in  their 
natural  environments? 

From  the  pictures  on  these  two 
pages,  you  can  see  that  birds  eat 
a variety  of  things:  meat,  fruits, 
vegetables,  seeds.  In  their  natural 
environments,  birds  feed  on 
nearly  every  category  of  plant  and 
animal  life  on  the  earth.  Even  the 
remains  of  whales  find  their  way 
into  the  diets  of  gulls. 

Every  environment  except  for  the 
really  sterile  areas  of  the  earth  has 
its  specific  birds.  Birds  are  found 
in  forests,  marshes,  deserts,  moun- 
tains, tundra,  and  islands,  around 
lakes,  rivers,  and  the  sea,  in  cities, 
and  on  farms. 

It  is  believed  that  in  the  begin- 
ning, all  birds  ate  animal  food. 
Seed  eating  is  probably  a later 
specialization.  One  clue  that  sci- 
entists have  that  this  is  so  is  that 
nearly  all  newly  hatched  seed- 
eating birds  begin  on  a diet  of 
insects,  then  make  the  change  to 
a vegetable  diet. 
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Look  at  the  picture  showing  birds 
found  at  the  shore  on  page  131 
and  compare  that  environment 
with  the  marsh  and  swamp  en- 
vironments shown  on  this  page. 

Some  of  the  main  bird  groups  are; 

Ducks,  geese,  and  swans— swim- 
ming birds 

Loons— swimming  birds 
Grebes— swimming  birds 
Herons  and  bitterns— wading  birds 
Cranes,  rails,  and  coots— marsh 
birds 

Plovers,  sandpipers,  and  snipes— 
shore  birds 

Culls  and  terns— marine  birds 
Grouse,  quail,  and  turkey— land 
birds 

Perching  birds— the  largest  bird 
group,  land  birds. 

Hawks,  eagles,  and  vultures 

Cuckoos 

Owls 

Nighthawks 

Hummingbirds 

Swifts 

Pigeons  and  doves 

Kingfishers 

Woodpeckers 

No  two  species  of  birds  build 
identical  nests.  Flamingoes  use 
mud  to  construct  their  nests.  They 
make  conical  mounds  which  may 
be  as  high  as  two  feet,  building 
them  up  pellet  by  pellet.  The  pic- 
ture on  the  right  shows  such  a 
nest  in  construction. 


The  Aquatic  Bird  House  has  birds  from  many 
environments.  Name  the  two  environments  shown. 


There  are  flamingos  in  shallow 
water.  Here  a keeper  removes  an 
empty  food  tray  from  the  flamingos. 


A flamingo  builds  a mud  nest 
in  which  to  place  its  eggs. 
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Emphasize  h.-.wwledge  of  animals  n.akes 
proper  care  possible. 

There  is  a special  exhibit  in  the 
Small  Mammal  House.  It  shows 
nocturnal  (nok-TER-nul)  animals— 
animals  that  move  about  and  look 
for  food  at  night— in  a most  unusual 
way.  The  light  in  this  house  is 
red.  While  it  is  daytime  outside, 
night  animals  can  be  seen  moving 
about  instead  of  sleeping.  To  set  up 
this  exhibit,  zoo  scientists  have  used 
what  they  have  learned  about  how 
animals  see.  Scientists  have  found 
that  red  light  is  the  same  as  darkness 
to  these  animals.  With  red  lights  on, 
visitors  to  the  zoo  can  see  the  animals. 
For  the  animals  it  is  night,  and  so 
they  move  about.  When  the  zoo  is 


closed  for  the  night,  the  keepers  turn 
on  bright  white  lights  to  shine  on  the 
animals  so  that  they  will  sleep. 

Nocturnal  animals  have  larger 
eyes  than  most  day  animals  of  the 
same  size.  They  can  see  in  light  that 
is  too  dim  for  our  eyes.  But  they  do 
not  see  things  as  sharply  as  we  do. 
To  find  food  and  identify  other 
animals,  they  have  a keen  sense  of 
smell,  sharp  hearing,  or  both. 


Fennec  fox.  There  are  about  24 
distinct  species  of  foxes  in  North 
America  and  many  kinds  in  other 
countries.  All  are  rather  similar  in 
general  form,  although  they  vary 
in  shape  of  head,  length  of  ears, 
size,  and  color.  The  fennec  fox  is 
a delicate  shade  of  reddish-tan,  a 
protective  hue  which  simulates 
the  color  of  the  desert  sand  of 
northern  Africa,  where  they  live. 
They  have  thin  and  enormous  ears 
covered  with  velvety  hair. 

Galago.  These  animals  are  among 
the  lowest  groups  of  the  primates. 
Some  animals  in  these  groups  look 
like  foxes,  with  long,  slender  tails; 
others  are  somewhat  opossum- 
like, except  that  their  tails  are 
thick-haired.  All  have  fingers  and 
toes  with  flat  nails,  like  those  of 
monkeys,  except  the  second  toe 
on  the  rear  limb,  which  bears  a 
curious,  stout  claw.  They  range  in 
size  from  that  of  a fox  to  that  of 
a half-grown  rat.  The  galagos  of 
Africa  are  small  and  furry,  with 
long  tails,  pointed  snouts,  and 
large,  thin  ears.  They  are  rarely 
seen  on  the  ground.  Several  have 
very  large  eyes  for  noctural  prowl- 
ing. They  are  commonly  called 
"bush-babies." 

Black-shouldered  opossum.  The 
opossum  is  a marsupial.  It  differs 
from  other  mammals  in  the  birth 
and  early  growth  of  its  young.  The 
female  has  an  abdominal  pouch 


into  which  the  young,  immedi- 
ately after  birth,  make  their  way. 
The  babies  are  very  small.  Within 
the  pouch,  the  young  attach  them- 
selves to  the  nipples.  They  grow 
rapidly,  but  they  may  remain  in 
the  pouch  for  several  months 
until  they  are  strong,  active,  and 
able  to  follow  the  parent.  The 
present-day  marsupials  represent 
a very  ancient  order. 

The  class  Reptilia  is  made  up  of 
crocodilians,  lizards,  snakes,  tur- 
tles, and  tortoises.  Representatives 
of  these  orders  can  usually  be 
found  in  most  zoo  reptile  houses. 

Aside  from  the  shape  of  the  head 
and  skull  structure,  there  is  not 
much  difference  between  croco- 
diles and  alligators.  The  crocodiles 
have  a triangular  head,  pointed 
toward  the  snout;  the  alligators 
have  a bluntly  rounded  snout.  All 
crocodilians  lay  eggs  with  a hard, 
brittle  shell. 

There  are  about  2,300  species  of 
snakes.  About  a fifth  of  them  are 
poisonous.  An  even  smaller  pro- 
portion is  really  dangerous  in  the 
effects  of  their  bites  upon  human 
beings.  Of  North  American  snakes, 
only  two  types  are  poisonous: 
coral  snakes,  with  small,  perma- 
nently erect  fangs,  and  pit  vipers, 
including  water  moccasins,  rattle- 
snakes, and  copperheads,  all  of 
which  have  movable  fangs. 


There  are  other  reptiles  in  the 
Reptile  House,  living,  feeding,  and 
moving  about  as  they  do  in  the 
wild.  What  animals  do  you  see? 

Turtles 


Crocodiles  are  also  nocturnal.  The 
pupils  of  their  eyes  are  slit-like,  like 
cats’  eyes.  Can  you  tell  why? 

They  can  open  wider,  admit  more  iighi  at  night. 

The  keepers  are  always  ready 
to  answer  questions  children 
and  grownups  have  about  animals. 
Here  the  head  keeper  of  the  Reptile 
House  shows  a girl  that  the  Eastern 
King  snake  he  is  holding  is  harmless. 
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Mountain  lion  Buffalo 

Besides  its  many  buildings,  the  zoo  has  land 
on  which  animals  roam  as  they  would  in  the  wild. 


When  it  gets  cold,  elephants 
leave  their  large  outdoor  homes 
and  go  inside  to  their  warm  cages. 
Here  you  see  two  elephants  taking 
food  from  the  keeper.  What  do 
they  eat? 

Elephants  are  vegetarians. 


The  jaguar  seems  to  be  hungry 
for  the  fresh  meat  the  keeper  is 
getting  ready  to  put  in  the  cage. 


The  term  "turtle"  is  used  to  desig- 
nate the  aquatic  members  of  the 
order  Testudinata.  Species  that  do 
not  enter  water  but  are  found  on 
land  are  called  tortoises.  Of  all 
living  reptiles,  among  the  most  in- 
teresting are  the  giant  tortoises. 
They  survive  as  remnants  of  life 
that  inhabited  the  earth  millions 
of  years  ago.  The  giant  tortoises  in 
the  New  York  Zoological  Park 
come  from  the  Galapagos  Islands. 
One  was  obtained  in  1904,  at 
which  time  it  weighed  140  pounds. 
By  1938  it  weighed  310  pounds. 
Scientists  believe  that  these  rep- 
tiles grow  much  faster  than  is 
commonly  thought.  They  are  her- 
bivorous and  eat  large  quantities 
of  beets,  melons,  apples,  carrots, 
and  hay. 

There  are  many  exhibits  at  large 
zoos  which  are  moated,  barless 
enclosures.  Visitors  can  get  a clear 
view  of  the  animals  uninterrupted 
by  bars.  One  such  exhibit  at  the 
New  Zoological  Park  is  the  Afri- 
can Plains.  Here  more  than  a 
score  of  mammals  and  birds  roam 
on  a four-acre  moated  enclosure, 
at  virtually  complete  liberty. 

The  job  of  selecting  individual 
animals  that  would  live  together 
harmoniously  was  quite  a task. 
Aggressive  animals  had  to  be 
singled  out  in  advance  or  as  soon 
as  their  behavior  interfered  with 
the  other  animals.  For  example. 


one  zebra  that  had  appeared  to  be 
adjusted  to  life  in  the  zoo  de- 
veloped a dislike  for  a pair  of 
warthogs  that  shared  the  African 
Plains.  The  zebra  persisted  in 
chasing  them  from  one  end  of  the 
Plains  to  the  other.  Adjustments 
are  made  frequently  between  ani- 
mals sharing  quarters,  both  on  the 
Plains  and  in  the  cages.  There  are 
many  large  buildings  on  the  zoo 
grounds  that  house  animals  in 
various  types  of  cages.  Most  of  the 
cages  have  doors  that  lead  to  the 
outside  cages  of  the  animals. 
When  the  weather  is  too  cold  for 
a particular  animal,  it  is  kept  in- 
doors in  a heated  cage.  Some  ani- 
mals live  alone;  others  share 
cages.  They  are  all  fed  on  a regu- 
lar basis  and  cleaned  periodically. 

All  new  arrivals  to  a zoo  are  ex- 
amined and  if  necessary  detained 
in  the  zoo's  animal  hospital  be- 
fore being  placed  on  exhibition. 
A full-time  veterinarian  supervises 
the  hospital  and  its  laboratory.  He 
watches  over  the  health  and  diet 
of  the  animals  and  directs  research 
in  animal  pathology.  The  hospital 
and  laboratory  have  the  latest  in 
equipment  and  facilities.  Animals 
that  need  to  go  to  the  hospital  are 
taken  there  in  an  ambulance.  Since 
the  animal  hospital  is  closed  to 
the  public,  the  animal  patients  are 
given  complete  rest  and  quiet  as 
part  of  their  treatment. 


Each  animal  brought  to  the  zoo 
is  examined  at  the  zoo’s  Animal 
Hospital  before  it  is  put  on  exhibit. 
The  hospital  has  a veterinarian 
(vet-er-uh-NAIR-ee-un)  who  watches 
over  the  health  and  diet  of  the 
animals.  A veterinarian  is  a doctor 
who  treats  animals. 
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This  silvered  leaf  monkey  has 
been  having  trouble  walking. 


The  monkey  gets  a medical 
checkup  from  the  zoo’s  veterinarian. 


The  nurse  holds  the  monkey 
while  the  veterinarian  examines 
its  ears,  mouth,  and  heart. 


The  veterinarian  also  studies 
an  X-ray  picture  that  has  been  taken 
to  see  if  any  bones  are  broken. 
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The  zoo  veterinarian  has  over 
3,000  animals  to  take  care  of.  He 
works  closely  with  the  many  cura- 
tors at  the  zoo,  each  of  which  is 
in  charge  of  a particular  group  of 
animals— birds,  mammals,  reptiles, 
etc.  The  curator  and  his  staff  have 
the  responsibility  of  feeding  and 
caring  for  the  animals,  but  they 
look  to  the  veterinarian  for  advice 
on  living  conditions,  diet,  and 
general  welfare. 

The  veterinarian's  most  important 
work  is  making  certain  that  the 
animals  on  display  are  healthy  and 
free  of  disease.  He  is  particularly 
concerned  with  the  prevention  of 
zoonoses.  These  are  diseases  that 
could  be  transmitted  from  animals 
to  human  beings. 

Because  the  veterinarian  works 
with  so  many  different  types  of 
animals,  he  accumulates  a great 
deal  of  knowledge.  For  example, 
knowing  the  diet  and  living  con- 
ditions of  an  animal  and  how 
these  conditions  affect  the  ani- 
mal's behavior,  zoo  veterinarians 
have  learned  to  breed  wild  ani- 
mals that  had  never  before  borne 
young  in  captivity. 

On  this  page,  you  see  the  veteri- 
narian conducting  a medical  ex- 
amination of  a monkey.  Point  out 
to  your  pupils  that  the  instruments 
the  animal  doctor  uses  are  the 
same  as  those  their  medical  doc- 
tor uses  when  examining  them. 


Some  of  the  tasks  of  a veterinarian 
include  tending  to  an  abscess  on 
the  neck  of  a kangaroo,  sawing  off 
the  curved  horns  of  a wild  moun- 
tain sheep  because  they  have 
grown  too  long  and  are  pressing 
against  the  sheep's  skull,  helping 
in  the  delivery  of  a baby  animal, 
checking  newborn  animals,  tend- 
ing to  various  kinds  of  infections 
suffered  by  animals,  and  splinter- 
ing broken  bones. 

Animals  are  given  antibiotics,  as 
part  of  the  treatment  for  various 
illnesses,  with  a hypodermic 
needle.  If  an  animal  is  small  and 
quiet,  the  keepers  will  hold  the 
animal  for  the  veterinarian.  To 
trap  a fleet-footed  animal  would 
take  hours,  so  the  veterinarian 
uses  a rifle  or  gun  to  fire  a special 
hypodermic  needle  that  contains 
a tranquilizer.  The  dosage  differs 
with  the  size  and  nature  of  the 
animal. 


Sometimes  the  veterinarian  must 
treat  an  animal  in  its  cage. 


.oading  a dart  with  tranquilizer 


Sometimes  a large  animal  such 
as  the  wild  sheep  called  aoudad 
(AH-oo-dad)  must  be  made  quiet 
before  the  veterinarian  can  treat  it. 
To  do  this  the  veterinarian  uses  a 
rifle  or  a pistol  to  shoot  a drug 
into  the  animal  that  will  quiet  it. 

In  a few  minutes,  keepers  will 
remove  the  animal  from  its  outdoor 
cage  and  bring  it  to  the  hospital. 
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A baby  antelope  that  is  ill  gets  a 
shot  to  make  it  well. 


A zoo  keeps  and  cares  for 
animals  and  also  has  scientists  who 
study  animals.  The  curator  of 
reptiles  is  such  a scientist.  With 
his  assistant,  you  see  him  doing 
an  experiment  to  find  out  how 
much  oxygen  an  Indian  Python  uses 
in  burning  up  its  food.  The  snake 
is  in  the  left  corner  of  the  box. 

Emphasize  the  use  of  the  zoo  by  scientists  learn- 
ing more  about  animals. 


The  curator  uses  a microscope 
to  study  the  fang  of  a snake. 


The  curators  of  the  various  animal 
departments  are  men  of  scientific 
training  and  long  experience.  Their 
assistants  are  carefully  selected 
and  undergo  rigorous  training. 
They  publish  many  papers  on  sci- 
entific research  each  year.  Obser- 
vations of  the  lowly  sea  cucumber 
led  to  the  isolation  of  holothurin, 
a substance  being  used  in  cancer 
research. 

Zoo  curators  are  engaged  in  re- 
search that  is  worldwide.  They  are 
studying  gorilla  behavior  in  Africa, 
oilbirds  in  Trinidad,  the  extraction 
of  new  drugs  from  the  sea  and 
from  bird  tumors,  day-night  re- 
versal in  mammals,  and  hundreds 
of  other  problems. 
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A visit  to  an  aquarium  gives  you 
an  excellent  way  to  show  the  im- 
portance of  water  as  an  environ- 
ment and  the  importance  of 
adaptations  to  this  environment. 
An  aquarium  contains  a wide 
variety  of  life  adapted  to  live  in 
the  water.  Point  out  to  your  pupils 
that  about  70  per  cent  of  the 
earth's  surface  is  covered  with 
water.  Some  questions  pupils 
should  be  able  to  answer  after  a 
visit  to  an  aquarium  are; 

How  are  the  animals  kept? 

What  types  of  plant  life  are 
found? 

How  are  the  animals  fed? 

How  are  the  animals  cared  for? 

How  do  they  get  the  oxygen  they 
need  to  breathe? 

How  do  various  water  animals 
move  about  to  get  food? 

How  are  they  able  to  find  the 
food? 

Do  fish  sleep? 

How  do  various  fish  reproduce? 

How  are  the  fish  grouped  in 
their  tanks? 

What  kind  of  scientists  work  at 
an  aquarium? 

What  special  training  do  they 
have? 


The  zoo  houses  the  National  Collection  of  Heads 
and  Horns,  a museum  of  big-game  animals. 


The  New  York  Aquarium,  also  operated  by  the 
New  York  Zoological  Society,  but  in  another  section 
of  New  York  City,  overlooks  the  sea.  Here  there 
are  whales,  walruses,  seals,  sharks,  sea  horses, 
electric  eels,  and  other  sea  life. 
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What  kind  of  research  do  they 
do? 


How  do  various  groups  of  fish 
adapt  to  their  environment? 

What  other  kinds  of  animals  be- 
sides fish  are  found  in  watery 
environments? 

Which  water  animals  have  back- 
bones? 

Which  water  animals  do  not  have 
backbones? 

How  are  various  water  plants 
adapted  to  their  environment? 

Animals  found  in  aquatic  environ- 
ments include  fish,  mammals, 
many  invertebrates  such  as 
sponges,  clams,  squids,  lobsters, 
and  shrimp,  and  protozoa  such  as 
amebas,  rotifers,  and  paramecia. 
Many  times  the  plants  needed  by 
these  animals  for  food  and  camou- 
flage are  placed  in  the  tanks  with 
them,  as  seen  in  the  picture  on 
the  bottom  of  this  page.  When 
you  visit  an  aquarium,  look  for 
such  a tank  and  point  out  the 
interdependence  of  living  things 
to  your  pupils  with  this  vivid 
example. 


Some  aquariums  display  items 
of  historical  significance.  For  ex- 
ample, at  the  New  York  Aquarium 
there  is  an  exhibit  about  Dr.  Wil- 
liam Beebe's  research.  The  exhibit 
includes  many  photographs,  the 
actual  instruments  used,  and  Dr. 
Beebe's  bathysphere. 

OADDITIONAL  ACTIVITIES: 

After  a visit  to  a zoo  and  an  aqua- 
rium, youngsters  will  be  stimu- 
lated to  keep  various  animals  in 
the  classroom  or  at  home.  This  is 
a good  time  to  point  out  that  pre- 
vious knowledge  is  important  in 
taking  care  of  a living  thing.  Be- 
fore pupils  undertake  any  project 
involving  a living  thing,  they  must 
first  make  certain  they  know  how 
to  care  for  the  animal's  welfare. 
There  are  many  books  that  will 
provide  them  with  the  necessary 
background  for  such  a project. 
All  these  are  from  General  Bio- 
logical Supply  House,  Chicago, 
Illinois. 

The  Care  of  Frogs  and  Other  Am- 
phibians, Leaflet  No.  7. 

Feeding  Aquarium  and  Terrarium 
Animals,  Leaflet  No.  23. 

The  Care  and  Breeding  of  the 
Colden  Fiamster,  Leaflet  No.  53. 


Every  hour,  the  keeper  uses  a 
pole  to  touch  the  electric  eel. 
Visitors  can  see  the  eel  give 
off  electricity  that  lights  the  signs 
and  makes  a crackling  sound. 


riecu  ic  eels 


At  the  aquarium  you  can 
also  see  Dr.  William  Beebe's 
bathysphere.  It  must  have 
taken  much  courage  for  Dr. 
Beebe  to  go  deep  into  the 
water  in  this  small,  ball-shaped 
vessel  to  study  sea  life.  You  can 
read  more  about  Dr.  Beebe  on 
pages  144-145. 


Our  tour  is  over.  But  there  is  still  much  more  to 
see  at  the  zoo  and  the  aquarium.  Why  don’t  you  plan 
to  visit  a zoo  and  an  aquarium  soon? 
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MORE  ABOUT  “A  VISIT  TO  A ZOO 
AND  AN  AQUARIUM” 

There  are  many  exhibits  at  the  zoo  that  do  not 
have  cages  or  bars.  One  such  place  is  the  African 
Plains.  Here  African  animals  such  as  lions, 
antelopes,  and  ostriches  roam.  Nearby  are 
other  big,  open  fields  where  yak,  bison,  llamas, 
guanacos,  and  vicunas  roam.  There  is  a moat  to 
keep  apart  some  of  the  animals  and  to  protect  zoo 

visitors.  The  moat  is  a deep  open  ditch. 

The  homes  many  of  the  animals  live  in  are  very 
much  like  their  homes  in  the  wild.  For  example,  in 
the  Aquatic  Bird  House,  there  are  shore  birds  living 

on  a real  shore,  marsh  birds  in  a real  marsh,  and 

swamp  birds  in  a real  swamp.  There  are  no  bars 
or  even  windows  on  these  exhibits. 

The  New  York  Aquarium,  which  is  also  in  New 
York  City,  overlooks  the  sea.  In  the  aquarium 
many  different  kinds  of  water  life  can  be  seen  in 
settings  like  those  found  in  nature. 

Much  scientific  research  goes  on  at  the  zoo  and 
at  the  aquarium.  Scientists  from  the  zoo  and 
aquarium  also  take  part  in  research  going  on  in 
other  parts  of  the  world.  Some  of  the  scientists 
are  studying  butterflies  and  fish-eating  bats  in 
Trinidad,  fiddler  crabs  in  Malaya,  and  seals 
in  Antarctica.  Others  are  working  on  problems 
such  as  how  to  get  new  drugs  from  the  sea. 

Zoos  and  aquariums  are  lively,  exciting  places  to 
visit.  Is  there  a zoo  or  aquarium  near  you?  If  so, 
plan  to  visit  it  soon. 


Starting  and  Maintaining  a Bal- 
anced Fresh  Water  Aquarium, 
Leaflet  No.  5. 

Home-made  Zoo,  by  Sylvia  Green- 
berg and  Edith  L.  Raskin  (McKay, 
1952). 

Aquariums,  by  Anthony  Evans 
(Dover,  1952). 

Odd  Pets,  by  Dorothy  Hogner 
(Crowell,  1951). 

Golden  Hamsters,  by  Herbert  Zim 
(Morrow,  1951). 

Rabbits,  by  Herbert  Zim  (Morrow, 
1948). 


PATHFINDERS  IN  SCIENCE 


(pp.  144-145) 

LESSON;  Why  was  William  Beebe 
a pathfinder  in  science? 

Learnings  to  Be  Developed: 

People  who  descend  deep  into 
the  ocean  must  be  protected  from 
the  pressure  of  water. 

William  Beebe  discovered  many 
forms  of  animal  life  at  great 
depths  in  the  ocean. 

Developing  the  Lesson:  Have  the  chil- 
dren tell  what  a person  must  do  to 
become  a pathfinder  in  science. 
Review  briefly  the  discoveries  of 
each  of  the  earlier  pathfinders: 
Faraday,  Copernicus,  and  Agassiz. 
None  of  these  pathfinders  ven- 
tured into  an  unknown  part  of  the 
earth,  as  William  Beebe  did. 

Now  have  the  children  read  the 
biographical  sketch. 

Why  did  William  Beebe  want  to 
go  deep  into  the  ocean?  (Empha- 
size the  curiosity  of  explorers 
such  as  Beebe,  who  are  primarily 
interested  in  just  finding  out 
what  is  there.) 

What  did  he  have  to  do  before 
he  could  go  deeply  into  the 
ocean?  (The  construction  of  the 
bathysphere  was  itself  a path- 
finding event.  It  took  a long 
time,  and  the  efforts  of  many 
people,  to  build  and  test  it.) 


William  Beebe 

(1877-1962)  UNITED  STATES 

Men  have  studied  land  animals 
for  thousands  of  years.  But  only 
in  the  last  thirty  years  have 
scientists  been  able  to  peer  into 
the  depths  of  the  waters  to  study 
life  in  the  oceans. 

William  Beebe  (BEE-bee)  was  a 
scientist  who  studied  living  things. 
He  knew  that  deep  in  the  waters  of 
the  oceans  there  was  an  unseen 
world  of  living  things. 

How  could  he  reach  down  into 
the  waters  to  this  world?  Divers 
wearing  diving  suits  and  helmets 
could  plunge  only  525  feet  into  the 
ocean.  Beebe  wanted  to  go  down 
more  than  a thousand  feet.  To  go 
down  this  far  was  a problem.  The 
pressure  of  water  so  far  below  the 
surface  crushes  a man. 

To  solve  this  problem,  Beebe 
built  a large  hollow  metal  ball 
that  was  called  a bathysphere 
(BATH-ih-sfeer).  It  could  hold 
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two  people.  Air  was  pumped 
into  the  bathysphere  through  a 
cable  from  a ship  on  the  surface 
of  the  water. 

The  men  in  the  bathysphere 
could  talk  to  the  men  aboard  the 
ship  through  a telephone  line. 
Beebe  had  to  tell  the  men  aboard 
the  ship  what  he  saw  because  it 
was  too  dark  for  him  to  take  notes. 
The  farther  down  the  bathysphere 
went,  the  darker  it  became.  Half 
a mile  down,  there  was  total 
darkness. 

Beebe  saw  animal  life  never 
before  seen  by  man.  He  was  the 
first  to  see  and  report  on  many 
animals.  He  saw  fish  that  glowed. 
He  saw  animals  with  strange  and 
startling  colors.  He  saw  fish  with 
eyes  that  looked  like  telescopes, 
and  fish  with  flat  bodies,  and 
others  with  long,  pointed  tails. 

William  Beebe's  discoveries  of 
sea  life  were  as  exciting  as  the 
discoveries  of  the  first  astronauts 
to  travel  in  outer  space. 


In  what  ways  is  the  bathy- 
sphere like  the  space  ships  in 
which  astronauts  venture  into 
spaced  (Both  are  built  to  protect 
humans  from  an  environment  to 
which  they  are  not  adapted.  In 
each  they  must  have  air  to 
breathe,  and  each  is  equipped 
with  a communications  system.) 

In  what  way  did  Beebe  show  that 
he  was  a courageous  man?  (By 
his  willingness  to  venture  into  an 
unexplored  environment,  fraught 
with  danger.) 

Have  children  examine  the  picture 
of  the  bathysphere  and  the  other 
equipment  used  with  it.  What 
items  of  equipment  do  they  rec- 
ognize? 

Have  them  speculate  about  the 
reasons  for  it  being  called  a bathy- 
sphere. Bathos  is  the  Greek  word 
for  depth.  “Sphere"  means  shaped 
like  a ball.  Help  them  to  under- 
stand that  there  are  good  reasons 
behind  scientific  names.  General- 
ly, they  refer  to  characteristics  of 
the  object  being  named. 

ADDITIONAL  ACTIVITIES: 

Children  should  find  out  about 
other  kinds  of  pathfinding  explor- 
ations under  the  sea.  Let  them 
read  about  the  achievements  of 
Cousteau,  Walsh,  and  Piccard,  and 
report  on  the  aqualung,  undersea, 
laboratories,  and  deep-sea  craft. 
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TEACHING  SUGGESTIONS 

(pp.  146-147) 


Background: 

1.  The  purpose  of  this  activity  is 
to  help  establish  the  idea  that  the 
process  of  reproduction  and 
growth  in  many  animals  is  quite 
different  from  the  more  familiar 
stages  of  egg  to  chicken,  kitten  to 
cat,  and  baby  to  adult.  A good 
source  for  this  activity  is  a chil- 
dren's encyclopedia. 

To  give  children  a more  direct 
opportunity  to  observe  insect  ba- 
bies and  adults,  cocoons  may  be 
collected  in  late  winter  or  early 
spring.  Place  each  cocoon  in  a 
separate  glass  jar  and  insert  a small 
piece  of  wet  sponge  into  each  jar. 
Punch  some  air  holes  in  the  jar 
caps  and  place  the  jars  in  a cool, 
light  location.  Watch  the  jars  from 
day  to  day  to  find  out  if  anything 
will  hatch. 


Using  What  You  Have  Learned 

1.  You  know  that  all  animals  can  have 
babies.  But  not  all  babies  look  like  the 
grown-up  animals.  Find  out  what  a baby 
butterfly  looks  like.  What  do  a baby  frog 
and  a baby  bee  look  like?  Draw  pictures  of 
the  grown-up  animals  and  their  babies. 

2.  Try  to  learn  more  about  the  environment 
on  the  moon.  Try  to  tell  what  you  would  need 
to  live  in  such  an  environment.  How  would 
you  get  food?  How  would  you  get  water? 
How  would  you  get  air? 


3.  Here  are  three  different  animals.  Try 
to  find  out  how  each  animal  gets  air.  What 
good  sources  can  you  use  to  find  out? 

4.  You  can  learn  more  about  animals  by 
keeping  a pet.  Your  class  might  want  to  keep 
a hamster.  Before  you  get  a hamster,  you 
should  find  out  what  a hamster  needs  to 
stay  alive.  What  food  must  it  have?  What 
kind  of  cage  does  it  need?  Should  its  cage 
be  warm  or  cool?  What  other  things  does 
a hamster  need? 


Hamsters  are  nocturnal  animals.  They  are  most  active 
early  in  the  morning.  They  eat  kibbled  dog  food.  They 
should  have  1/4  orange  each  day  for  vitamin  C.  Shredded 
paper  should  be  kept  in  the  cage  for  a nest  where  they 
can  sleep  during  the  day.  Hamsters  are  playful  and  enjoy 
playing  on  swings. 


Frogs'  eggs  may  also  be  collected 
from  ponds  in  the  springtime. 
Place  the  eggs  and  water  in  a glass 
jar,  out  of  direct  sunlight,  and 
observe  the  egg  mass  from  day  to 
day.  If  the  eggs  are  fertile,  children 
will  be  able  to  observe  hatching. 
They  may  also  collect  tadpoles 
and  keep  track  of  their  growth. 
Water  should  be  replenished  as 
necessary.  Use  the  same  water  in 
which  the  eggs  or  tadpoles  were 
found. 

2.  The  moon  represents  an  envi- 
ronment quite  different  from  the 
earth.  Since  there  is  no  air  or  wa- 
ter, food  can  be  grown  there  only 
as  it  may  be  grown  in  spaceships. 
In  other  words,  the  environment 
for  growing  food  will  have  to  be 
taken  to  the  moon. 


TEACHING  SUGGESTIONS 

(pp.  148-149) 

Background:  These  two  pages  con- 
stitute a review  of  the  concepts 
and  terminology  introduced  in 
this  unit. 

What  You  Have  Learned:  This  is  a sum- 
mary of  the  entire  unit,  with  new 
words  in  boldface  type. 

Checklist  of  Science  Words:  Remind  the 
pupils  that  there  is  a Dictionary  of 
Science  Words  on  pages  227-234. 
They  should  consult  this  diction- 
ary whenever  they  are  unsure  of 
the  precise  meaning  of  a word. 


WHAT  YOU  KNOW  ABOUT 

. ..  ■.  - 

What  You  Have  Learned 

An  animal  is  any  living  thing  that  is  not  a plant. 
Animals  cannot  make  their  own  food.  They  must 
eat  green  plants  or  other  animals  that  have  eaten 
green  plants.  All  animals  are  made  of  cells.  Each 
cell  has  a covering  around  it  called  a cell  membrane. 
Most  animals  move  about  to  get  their  food.  Most 
animals  cannot  grow  new  parts.  All  animals  must 
eat,  must  have  oxygen,  and  must  get  rid  of  wastes. 

Animals  that  are  adapted  to  their  environments 
are  able  to  stay  alive  in  the  places  in  which  they  live. 
There  are  many  kinds  of  environments.  Some  are 
hot,  some  are  cold,  some  are  wet,  and  some  are  dry. 

Checklist  of  Science  Words 

Here  are  some  science  words  you  read  about  in  this 
unit.  Can  you  tell  what  you  have  learned  about 
each  one? 

adapt  cell  wall  nocturnal 

cell  cold-blooded  oxygen 

cell  membrane  mosses  warm-blooded 
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Y6S  or  No?  A test  of  knovjtedge  aboid  animals 

Number  a page  in  your  notebook  from  1 to  6. 
For  each  sentence  that  seems  true,  write  Yes  on  your 
paper.  For  each  sentence  that  does  not  seem  true, 
write  No. 

1.  All  animals  must  eat. 

2.  All  animals  make  their  own  food. 

3.  All  animals  must  get  rid  of  wastes. 

4.  All  animals  can  grow  new  parts. 

5.  All  animals  live  in  the  ground. 

6.  All  animals  are  made  of  cells. 


Can  You  Tell? 


Can  you  help  each  animal  find  its  home?  Number 
a page  in  your  notebook  from  1 to  5.  For  each 
animal,  write  the  letter  printed  in  front  of  its 
environment. 


1.  seal 

A.  forest 

2.  goat 

B.  desert 

3.  squirrel 

C.  sea 

4.  kangaroo  rat 

D.  mountain 

5.  mole 

E.  ground 

i Yes  or  No? 

i 1.  Yes 

1 2.  No 

j 3.  Yes 

j 4.  No 

^ 5.  No 

J 6.  Yes 

' Can  You  Tell? 
' 1.  C 

i 2.  D 

I 3.  A 

j 4.  B 

5.  E 


! 

} 


1, 
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TEACHING  SUGGESTIONS 

(pp.  150-151) 

Background;  These  pages  reinforce 
the  concepts  presented  in  the  unit 
by  suggesting  activities  that  extend 
the  pupil's  ability  to  apply  the 
learnings  derived  from  the  unit. 

Animal  Scenes:  This  activity  not  only 
serves  as  a review  of  important 
learnings  in  this  unit,  but  also 
dramatizes  the  complexity  of  an 
animal's  environment. 

A good  source  of  pictures  of  ani- 
mal scenes  is  Herbert  Zim's  Gold- 
en Nature  Book  Mammals. 

This  activity  also  provides  an  op- 
portunity to  demonstrate  the  im- 
portance of  planning.  First,  the 
decision  must  be  made  regarding 
what  animal  will  be  shown.  Then 
a list  must  be  made  of  the  impor- 
tant features  of  its  environment. 
Next,  the  materials  to  be  used 
must  be  selected.  Finally,  it  must 
be  put  together.  Children  should 
be  encouraged  to  write  out  their 
plans  before  they  begin  any  part 
of  the  project. 

Word  Puzzle:  The  environments  de- 
scribed are: 

1.  Ground. 

2.  Forest. 

3.  Mountain. 


YOU  CAN  LEARN  MORE  ABOUT 

How  Animals  Live 


A way  of  organizing  and  demonstrating  ideas 
Animal  Scanes  about  animats  and  their  environments 


You  will  need  one  box  for  each 
environment  that  you  make.  Cut  off 
the  top  and  one  long  side  of  each 
box.  Paint  the  inside  of  each  box  so 
it  shows  the  environment.  Make  clay 
or  pipe-cleaner  models  of  the  animals 
you  have  learned  about.  Put  them  in 
the  right  environment.  You  might 
want  to  put  stones,  twigs,  sand,  or 
leaves  in  the  scenes. 


Word  Puzzle  T test  of  spelling  and  understanding 


Read  the  sentences  below.  Look 
at  the  puzzle  and  write  the  word  for 
each  sentence  in  your  notebook. 

1.  A mole  can  live  in  this  kind  of  an 
environment. 

2.  There  are  many  trees  in  this 
kind  of  environment. 

3.  Some  goats  can  live  in  this  kind 
of  environment. 

4.  This  is  a hot,  dry  environment. 
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4.  Desert. 
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Make  an  Aquarium  Making  a suitable  environnnent  for  fish 


An  aquarium  can  help  you  learn 
about  fish  and  their  environment.  To 
learn  how  to  make  a good  aquarium, 
you  should  use  good  sources.  Find  a 
book  that  tells  you  how  to  build  an 
aquarium.  Ask  your  teacher  to  tell 
you  the  best  place  to  put  the 
aquarium.  Ask  the  owner  of  a pet 
shop  what  food  the  fish  will  need. 
What  kind  of  fish  should  you  buy? 

You  Can  Read 

1.  The  True  Book  of  Animals  of  the 
Sea  and  Shore  by  Ilia  Podendorf. 
Learn  how  sea  animals  live. 

2.  See  Through  the  Forest  by 
Millicent  E.  Selsam.  Read  how 
plants  and  animals  live  in  the  forest. 

3.  Desert  Dwellers  by  Terry 
Shannon.  See  how  the  desert  is  a 
home  for  plants  and  animals. 


Locaiing  source  bocks  is  one 
of  the  'Mays  of  the  scientisi. 


Make  an  Aquarium;  In  Connection 
with  this  activity,  children  can 
make  a worm  farm.  Find  a large 
glass  container,  or  use  an  old 
aquarium.  Place  about  1 inch  of 
coarse  sand  or  gravel  on  the  bot- 
tom for  drainage.  Add  soil  until 
the  container  is  almost  full.  Make 
the  soil  damp,  but  do  not  flood 
the  container.  Find  some  small 
earthworms  (they  are  easy  to  lo- 
cate after  a heavy  rain),  and  put 
the  worms  in  the  container.  Place 
the  container  in  a cool  location, 
and  cover  it  so  no  light  gets  in. 
Keep  soil  moist.  After  about  one 
week  the  cover  may  be  removed 
for  observation  of  worm  tunnels. 

A good  source  for  pupils  to  ex- 
amine before  they  build  an  aqua- 
rium is  Science  for  the  Elementary 
School,  by  Edward  Victor,  The 
Macmillan  Company,  1965,  p.  549. 
This  book  has  a very  good  chapter 
on  animals  (pages  491-559).  You 
will  find  this  chapter  helpful  in 
dealing  with  children's  questions. 

You  Can  Read:  Here  are  some  addi- 
tional books  for  children: 

Undersea  Explorer,  by  James  Du- 
gan (Harper  & Brothers,  1957).  The 
biography  of  Jacques-Yves  Cous- 
teau, coinventor  of  the  aqualung. 

Wonders  of  the  Eiive,  by  Sigmund 
A Levine  (Dodd,  Mead,  1958).  A 
study  of  the  structure,  social  hab- 
its, and  usefulness  of  bees. 
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KEY  CONCEPTS 


Key  Concept  1.  Events  in  the  nat- 
ural environment  happen  in  an 
orderly  rather  than  a haphazard 
way;  man  searches  for  laws^to 
explain  this  order  by  observing, 
hypothesizing,  checking  his  ideas, 
and  rejecting  those  which  do  not 
square  with  reality. 

Key  Concept  8.  There  is  a relation- 
ship between  structure  and  func- 
tion; the  structure  of  parts  of  liv- 
ing organisms  determines  the 
function  of  those  parts. 

CONCEPTS: 

1.  The  human  body  is  made  up 
of  different  kinds  of  cells. 

2.  Cells  use  energy  in  doing  their 
work;  to  get  this  energy,  they 
need  food  and  oxygen. 

3.  Different  parts  and  systems  of 
the  body  help  to  maintain  the 
cells. 


PROCESSES: 


5 

Other  concepts  appear  under  "Learnings  to  Be  Developed" 
in  each  lesson  found  in  the  Teaching  Suggestions. 


• Observing— Pages  160, 163,  183. 

• Experimenting — 155,  164,  166, 
171. 

•Comparing — 166,  183. 
Inferring— 156,  157,  166,  168. 

• Measuring— 156,  157,  166,  171. 

• Selecting  (sources  from  recall) 
—157,  183,  186,  187. 

• Communicating — 155. 
Demonstrating — 163,  168,  169, 

186,  187. 

• Explaining — 158,  159. 
Hypothesizing — 161,  182. 


Your  Body’s  Needs 


What  You  Will  Find  Out 


Eating,  breathing,  and  getting  rid  of  wastes  are 
some  of  your  body’s  needs.  Knowing  about 
your  body  and  these  needs  will  help  you  learn 
to  take  better  care  of  yourself. 

Knowledge  is  the  basis  of  intelligent  behavior. 
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TEACHING  SUGGESTIONS 

(pp.  154-157) 


• LESSON:  What  are  you  made  of? 

Background:  The  concept  that  cells 
are  the  primary  parts,  or  units,  of 
living  things  was  introduced  on 
page  104.  In  this  lesson  we  are 
going  to  carry  the  concept  a little 
further  to  include  the  fact  that 
there  are  different  types  of  cells 
that  make  up  the  body. 

Learnings  to  Be  Developed: 

The  body  is  composed  of  cells. 

There  are  many  kinds  of  cells  in 
the  body. 

Cells  can  observed  by  using  a 
microscope. 

Developing  the  Lesson:  Introduce  the 
lesson  by  asking  pupils  to  tell  what 
makes  up  each  of  the  following: 

A human  family.  (People.) 

A school  class.  (Boys  and  girls.) 

A cub  scout  troop.  (Boys.) 

A Brownie  troop  (Girls.) 

We  can  say  that  people  are  the 
parts  that  make  up  all  these 
groups. 

Now  tell  the  class  that  people  are 
also  made  up  of  parts.  Have  them 
name  the  parts  of  people  as  they 
see  them. 


If  the  term  microscope  is  intro- 


Your  body  has  many  parts.  Each  part 
is  made  of  many  smaller  parts.  You 
will  learn  more  about  these  smaller 
parts.  You  will  learn  how  they  help 
to  keep  you  alive  and  well. 

What  Are  You  Made  Of? 

Some  parts  of  your  body  are  hard,  like 
your  teeth.  Some  parts  are  soft,  like  your 
cheeks. 

Some  parts  are  long,  like  your  legs. 
Some  parts  are  short,  like  your  fingers. 


Are  all  of  the  parts  of  your  body  alike  in 
any  way?  Scientists  say  Yes.  All  of  the 
parts  of  your  body  are  made  of  cells. 

Scientists  make  use  of  microscopes 
(MY-kruh-skohps)  to  look  at  the  cells  of 
people’s  bodies.  A microscope  helps  to  make 
small  things  seem  much  bigger.  A 
microscope  is  like  a magnifying  glass.  It 
helps  scientists  to  see  very  small  things. 

When  scientists  look  through  microscopes 
at  skin  cells,  here  is  what  they  see. 


Epidermis,  ;■/'  orir- 
layer  of  shin 


Dermis,  nr  due 
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duced  here  for  the  first  time,  write 
the  word  on  the  board.  Have  the 
children  turn  back  to  page  34, 
where  the  word  telescope  was  in- 
troduced. Write  it  on  the  board. 
Ask  how  the  two  words  are  alike. 
The  suffix  “scope”  comes  from  a 
Greek  word  meaning  “to  view." 
The  prefix  "micro"  comes  from  a 
Greek  word  meaning  "small."  The 
prefix  "tele"  comes  from  the 
Greek  word  meaning  "far."  Ask 
children  to  find  other  words  that 
begin  with  "micro,"  such  as  "mi- 
croorganism" and  "microfilm."  If 
the  children  have  had  no  experi- 
ence with  microscopes,  teach 
them  how  to  use  one.  Point  out 
that  light  must  shine  up  through 
the  slide  into  the  tube.  The  proper 
technique  for  handling  the  micro- 
scope is  to  bring  the  objective 
(the  lens  at  the  bottom  of  the 
tube)  as  close  as  possible  to  the 
slide,  look  through  the  tube,  and 
slowly  raise  it  away  from  the  slide 
until  the  specimen  can  be  seen 
clearly.  Children  who  wear  glasses 
need  not  use  them  when  looking 
through  the  microscope. 

Write  the  words  skin,  muscle,  and 
bone  on  the  chalkboard  and  ask 
where  these  are  found  in  the 
body.  Children  should  have  no 
difficulty  in  locating  these  tissues, 
although  they  will  probably  limit 
skin  cells  to  those  that  cover  the 
outside  of  the  body.  Point  out  that 


the  mouth  and  all  other  openings 
into  the  body  are  lined  with  layers 
of  special  skin  cells  called  epithe- 
lium. 

There  are  over  200  different  bones 
in  the  body.  Have  children  locate 
bones  in  their  heads,  shoulders, 
back,  hips,  arms,  legs,  hands,  and 
feet.  Remark  on  the  different 
sizes  and  shapes  of  these  bones 
and  why  this  is  so. 

There  are  about  500  muscles  in  the 
body,  which  do  all  your  physical 
work.  These  muscles  are  generally 
divided  into  smooth  and  striated 
tissues.  The  cells  of  smooth  muscle 
tissue  have  single  nuclei.  These  tis- 
sues cannot  be  consciously  con- 
trolled. They  are  found  in  different 
parts  of  the  body,  including  the 
skin,  blood  vessels,  and  digestive 
tract.  Striated  muscle  cells,  form- 
ing striated  tissue,  have  many  nu- 
clei. This  tissue  is  found  in  all 
muscles  that  can  be  controlled 
voluntarily.  An  exception  is  the 
cardiac  muscle,  which,  though  stri- 
ated, is  an  involuntary  muscle 
tissue. 

Emphasize  the  point  that  different 
types  of  cells  perform  different 
kinds  of  work  in  the  body.  Bones 
perform  functions  that  require  that 
they  be  strong.  Bone  cells  produce 
substances  that  make  bones  hard 
and  strong.  Muscles  move  differ- 
ent parts  of  the  body  by  stretching 


A photomicrograph  of  a 
cross-section  of  a bone 
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These  striated  cells  are 
long  and  thin.  The  darker 
bodies  are  the  nuclei  of 
the  muscle  cells. 


Your  muscles  are  the  parts  of  your  body 
that  help  you  to  move.  All  your  muscles 
are  made  of  cells.  These  cells  are  called 
muscle  cells.  Scientists  can  see  muscle  cells 
with  a microscope. 

Microscopes  also  let  scientists  see  the  cells 
that  make  up  bones.  Such  cells  are  called 
bone  cells. 

Darker  spots,  such  as  these,  are  the  bone  cells. 

One  of  many  canals  that 
carry  blood  vessels. 


Dark  lines  from  canals  are 
channels  through  which 
lymph  transports  materials 
to  and  from  the  bone  cells. 


All  of  the  parts  of  your  body  are  made  of 
cells.  There  are  millions  of  cells  in  your  body. 
Your  cells  do  many  different  kinds  of  work. 
Your  skin,  made  of  cells,  helps  to  cover  you. 
Your  muscles,  made  of  cells,  help  you  to 
move.  Your  bones,  made  of  cells,  help  to 
hold  your  body  up. 

The  remainder  of  the  bone  is 
nonliving  mineral  matter. 


USING  THE  SCIENTIST’S  WAY 


You  can  see  some  real  cells.  You  will 
need  a toothpick,  some  iodine,  a glass  slide, 
a cover  slip,  and  a microscope. 

Gently  rub  the  flat  end  of  a toothpick 
against  the  inside  of  your  cheek.  Some  of 
the  cells  of  your  cheek  will  come  off  on 
the  toothpick. 

Put  a drop  of  iodine  on  the  glass  slide. 

Carefully  dip  the  end  of  the  toothpick 
into  the  drop  of  iodine.  Some  skin  cells 
will  come  off  in  the  iodine. 

Cover  the  glass  slide  with  a cover  slip. 

Look  through  the  microscope  at  the  skin 
cells.  Draw  a picture  of  what  you  see. 

* Observing  with  a microscope  is  a way  of  the  scientist. 
2-inch-square  hole 
in  cardboard 


Plastic  kitchen  wrap 
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and  shrinking;  muscle  cells  are 
good  stretchers  and  shrinkers.  Skin 
covers  the  body  like  a sheet;  skin 
cells  are  arranged  in  flat  sheets. 

Activities  like  the  one  with  the 
cheek  cells  on  page  157  are  ex- 
tremely important,  as  they  provide 
children  with  the  experience  of 
observing  cells  from  their  own 
bodies.  In  doing  this,  caution  chil- 
dren against  rubbing  the  inside  of 
their  cheeks  too  hard,  lest  they 
injure  the  mucous  lining. 

Iodine  is  used  as  a stain  so  that 
the  various  parts  of  the  cell,  such 
as  the  membrane  and  the  nucleus, 
can  be  seen  more  easily. 

Help  children  realize  that  cells  are 
three-dimensional,  with  depth  as 
well  as  width  and  length. 

o additional  ACTIVITIES: 

Try  making  a small  model  of  a 
microscope.  Cut  a 4-inch  square 
from  the  side  of  a packing  carton 
and  cut  a 2-inch-square  hole  in  its 
center.  Stretch  a piece  of  clear 
plastic  kitchen  wrap  over  the  card- 
board. With  an  eyedropper,  put 
one  or  two  drops  of  water  in  the 
center  of  the  wrap.  The  drops 
should  form  one  curved  puddle. 
Carry  the  model  to  a brightly  light- 
ed location  in  the  room,  and  place 
it  flat  on  the  object  to  be  viewed. 
Newspaper  is  good  for  this  experi- 
ment; notice  how  the  drop  mag- 
nifies the  type. 


(pp.  158-159) 

LESSON:  How  are  all  your  cells 
alike? 

Background;  The  life  of  a single- 
celled  organism  in  an  ocean  of 
water  is  a relatively  simple  one. 
The  organism  gets  its  oxygen  and 
food  directly  from  the  water  and 
excretes  its  wastes  directly  into 
the  water.  A human  being,  on  the 
other  hand,  is  a quite  complex  ag- 
gregation of  cells.  And  only  a few 
of  those  cells  have  direct  contact 
with  the  environment  from  which 
they  all  must  get  their  food  and 
oxygen,  and  into  which  they  must 
excrete  their  wastes. 

Learnings  to  Be  Developed: 

Cells  need  food  and  oxygen. 

When  cells  work,  they  give  off 
heat. 

Developing  the  Lesson:  Remind  chil- 
dren of  what  they  have  learned 
about  how  all  animals  are  alike. 
They  should  be  able  to  recall  that 
all  animals  must  have  a way  of 
obtaining  food  and  water  and  of 
getting  oxygen  from  the  air.  Ani- 
mals must  also  be  able  to  get  rid 
of  waste  products.  Remind  them 
further  that  all  animals  are  made 
up  of  cells. 


Fahrenheit 


158 


How  Are  All  Your  Cells  Alike? 


In  one  way,  all  your  cells  are  alike. 
Every  one  of  your  cells  helps  keep  you  alive 
and  well.  All  your  cells  work  together  to  do 
this. 

But  your  cells  need  some  things  to  do 
their  work.  Your  cells  need  food.  Your  cells 
need  oxygen.  Your  cells  need  to  get  rid  of 
wastes.  Then  your  cells  can  work  to  keep 
you  alive  and  well. 


MHh  oCiENTlSrS  WAY* 

When  cells  do  work,  they  give  off  heat. 
You  can  show  that  the  cells  in  your  hand 
are  giving  off  heat. 

Get  a thermometer  (ther-MOM-uh-ter) 
like  the  one  in  the  picture. 

A thermometer  shows  how  warm  or  how 
cold  something  is.  Put  the  thermometer 

' '/loas:  and  ccnn^nring  are  ways  of  the  scientist. 


on  a desk  in  your  classroom.  Leave  the 
thermometer  on  the  desk  for  a few 
minutes. 

Read  the  thermometer.  It  will  show 
how  warm  the  air  in  the  classroom  is. 

Close  your  hand  around  the  bulb  of  the 
thermometer.  After  a few  minutes  read 
the  thermometer.  The  thermometer  will 
show  how  warm  your  hand  is.  Does  the 
thermometer  show  that  your  hand  is 
warmer  than  the  air  in  the  room?  What 
does  this  tell  you  about  the  cells  in  your 
hand? 

tempiir:  ■ ■ 'e  as  by  a 

':/re  in  a classroom  genera  lly  is  about  73r 

Why  Do  Your  Cells  Need  Food? 

Every  minute  of  the  day  and  night,  your 
cells  are  helping  to  keep  you  alive  and  well. 
And  every  minute  that  your  cells  are  working, 
they  are  using  up  some  energy.  The  energy 
is  what  makes  your  cells  able  to  do  their 
work. 

Your  body,  like  a machine,  needs  energy 
to  do  its  work.  A flashlight  gets  energy  from 
a battery.  An  automobile  gets  energy  from 
gasoline.  Where  do  you  get  energy? 


Taking  the  temperature  of  the  skin 
is  only  an  indirect  way  of  getting 
at  the  heat  produced  by  working 
cells.  Actually,  it  is  the  blood,  as 
it  courses  through  the  vessels  sur- 
rounding the  cells,  that  picks  up 
heat.  As  the  blood  passes  through 
the  blood  vessels  near  the  surface 
of  the  skin,  it  gives  off  much  of  the 
heat.  Thus  the  temperature  of  the 
hand  will  usually  be  higher  than 
air  temperature. 

Use  the  thermometer  to  discover 
what  the  air  temperature  is.  Ask 
the  children  where  to  place  the 
thermometer  in  the  room. 

Should  it  be  placed  near  a radi- 
ator? In  the  sun?  Why  not? 

Encourage  children  to  suggest  oth- 
er places  on  their  skin  to  test  tem- 
perature. They  might  try  inside 
the  elbow  of  a bent  arm,  between 
the  head  and  the  neck,  under  the 
armpit,  or  in  the  back  of  the  bent 
knee.  Leave  the  thermometer  in 
position  for  a few  minutes  before 
taking  a reading.  Temperatures 
may  differ  at  different  locations  on 
the  body. 
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Energy  transfer 
from  sun 


TEACHING  SUGGESTIONS 

(pp.  160-161) 

- LESSON:  Why  do  your  cells  need 
food? 

Background:  The  energy  from  the 
sun,  which  green  plants  use  in 
manufacturing  food,  is  light  en- 
ergy. This  is  stored  in  food  as 
chemical  energy.  When  cells  com-  | 
bine  oxygen  with  food,  the  chemi- 
cal energy  is  released.  Some  of  this  I 
energy  is  changed  into  heat. 

Learnings  to  Be  Developed: 

Cells  use  energy.  ' 

Cells  obtain  energy  from  food. 


Your  cells  get  energy  from  the  food  you 
eat.  Foods  have  energy  in  them.  All  of  the 
energy  in  foods  comes  from  the  sun. 

But  your  cells  cannot  use  the  energy  that 
comes  right  from  the  sun.  Only  green  plants 
can  use  the  energy  that  comes  right  from  the 
sun.  When  you  eat  green  plants,  you  get 
the  energy  that  came  from  the  sun. 

When  you  eat  the  meat  of  animals,  you 
also  get  the  energy  that  came  from  the  sun. 
Can  you  tell  how? 


Energy  in  foods  comes  from  the 
sun. 

Energy  can  be  changed  from  one 
form  to  another. 

Developing  the  Lesson:  Write  the 
word  energy  on  the  chalkboard 
and  ask  children  what  it  means 
to  them.  Ask  in  what  ways  they 
have  heard  the  word  used.  Scien- 
tists define  energy  as  the  ability  to 
do  work.  Your  discussion  should 
bring  out  the  idea  that  energy  is 
what  it  takes  to  get  something 
done. 

Have  you  ever  heard  anyone  say 
that  he  didn't  have  much  energy? 

• Have  you  ever  heard  anyone  say 
that  it  takes  a lot  of  energy  to 
play  basketball? 


■O  COf^ 


to  boy,  Through 
meat  he  eats 
or  milk  he  drinks. 


i 


USING  THE  SCIENTIST'S  WAY 


Make  a list  of  all  of  the  kinds  of  foods 
that  you  eat  in  one  day.  Then  try  to  tell 
how  you  get  some  of  the  sun’s  energy  from 
each  of  those  foods.  You  might  start  like 
this: 

Emphasize  the  transformation  of  energy. 
It  is  neither  created  nor  destroyed. 


MILK 

You  get  energy  when  you  drink  milk. 

Milk  comes  from  a cow. 

The  cow  gets  the  energy  by  eating  grass. 
The  grass  is  a green  plant. 

The  grass  gets  energy  from  the  sun. 


How  Do  Cells  Get  Energy 
from  Food? 

How  do  you  think  your  cells  get  energy 
from  the  food  you  eat? 

The  food  must  be  changed  before  it  can  be 
used.  The  food  must  be  changed  into  a liquid 
before  your  cells  can  use  it  to  make  energy. 
The  way  that  your  body  changes  the  food  so 
your  cells  can  use  the  food  for  energy  is 
called  digestion  (dih-JESS-chun). 


Children  may  find  it  difficult  to 
understand  that  all  the  foods  we 
eat  derive  energy  from  sunlight. 
Humans  and  other  animals  cannot 
use  energy  directly  from  the  sun 
as  green  plants  can.  They  must  get 
it  indirectly,  from  other  sources. 
Take  time  with  children  to  con- 
sider many  examples  of  foods  that 
are  eaten,  tracing  them  back  to  the 
sources  of  their  nourishment,  and 
pointing  out  that  all  the  foods  we 
use  are  derived  from  green  plants. 
Even  animal  life  in  the  sea  de- 
pends on  green  plants  for  its  en- 
ergy. Near  the  surface  of  the  wa- 
ter, green  algae  produce  food 
in  the  presence  of  sunlight.  Algae 
are  eaten  by  tiny  animals,  which 
are  eaten  by  still  larger  animals. 
Thus,  near  the  surface,  green  al- 
gae are  the  food  synthesizers.  In 
the  great  depths  where  no  sun- 
light ever  penetrates,  living  ani- 
mals feed  on  the  slow,  steady  rain 
of  organic  materials  sinking  down 
from  the  surface. 

Honey  can  be  used  as  another  ex- 
ample of  how  energy  in  foods  can 
be  traced  back  to  the  sun;  We  get 
honey  from  bees.  Bees  produce 
honey  from  nectar.  Nectar  is  pro- 
duced by  flowers.  Flowers  are  a 
part  of  plants.  The  sugar  from 
which  plants  produce  nectar  was 
first  manufactured  by  green  plants 
using  radiant  energy  from  the  sun. 
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TEACHING  SUGGESTIONS 

(pp.  162-165) 


• LESSON:  How  do  cells  get  energy 
from  food? 

Learnings  to  Be  Developed: 

Food  is  made  ready  for  use  in  the 
body  by  the  process  of  digestion. 

Food  is  digested  in  the  mouth,  the 
stomach,  and  the  intestines. 

Developing  the  Lesson:  Have  the  chil- 
dren look  again  at  the  cells  on 
page  105. 

• Are  there  any  openings  in  the 
membrane  surrounding  the  cell? 
(No.) 

• How  do  food  and  oxygen  get 
into  the  cell? 

Explain  that  only  liquids,  such  as 
water,  can  pass  through  the  cell 
membrane.  Therefore,  foods  must 
be  liquefied  before  they  can  be 
taken  into  a cell.  You  may  intro- 
duce the  term  dissolve,  and  say 
that  foods  have  to  be  dissolved  in 
water  before  they  can  be  taken 
into  a cell.  Demonstrate  this  by 
mixing  some  sugar  in  water.  The 
word  "digestion"  comes  from  the 
Latin  word  digestus,  meaning  to 
dissolve. 

Saliva  is  produced  by  three  pairs 
of  salivary  glands,  which  are  lo- 
cated beneath  the  ears  and  under 
the  tongue.  Glands  are  special 
organs  in  the  body,  producing 


Salivation  might  also  be  stim 
ulated  by  showing  children 
something  good  to  eat. 
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Digestion  starts  right  after  you  put  the 
food  into  your  mouth.  Digestion  starts  as 
soon  as  the  food  in  your  mouth  gets  wet. 
Why  does  digestion  start  in  your  mouth? 

There  is  a liquid  inside  your  mouth.  This 
liquid  is  called  saliva  (suh-LY-vuh).  More 
saliva  comes  into  your  mouth  when  you  eat 
food  and  sometimes  when  you  think  about 
food. 

You  can  feel  the  saliva  in  your  mouth. 
Think  about  a food  that  you  really  like. 
Think  about  how  good  that  food  looks.  Think 
about  how  good  the  food  tastes.  Remember 
how  much  you  liked  it  the  last  time  you 
ate  it? 

Can  you  feel  the  saliva  coming  into  your 
mouth?  Saliva  is  the  liquid  in  your  mouth 
that  starts  digestion.  The  saliva  wets  the 
food  and  helps  to  break  it  up. 

Your  teeth  help  to  break  up  the  food  in 
your  mouth.  After  your  teeth  have  broken  up 
the  food  into  smaller  pieces,  the  food  you 
swallow  goes  down  to  your  stomach. 

The  liquids  in  your  stomach  also  help  you 
digest  the  food. 


When  the  food  leaves  your  stomach,  the 
food  is  like  a liquid.  The  food  goes  from 
your  stomach  to  the  part  of  your  body  called 
the  intestines  (in-TESS-tinz) . The  intestines 
look  like  a long  curled-up  tube.  More 
digestion  takes  place  in  your  intestines. 

From  your  intestines,  the  digested  food 
is  carried  to  cells  all  through  your  body. 
How  do  you  think  the  digested  food  gets 
from  your  intestines  to  the  millions  of  cells 
in  your  body? 


Liver 


Pancre: 


chemical  substances  that  aid  in 
carrying  on  certain  bodily  activi- 
ties. Saliva  glands  are  the  ones 
that  swell  when  you  have  the 
mumps.  Saliva  contains  an  enzyme 
(ptyalin)  which  changes  some  of 
the  large  molecules  of  starchy 
foods  into  smaller  sugar  mole- 
cules. The  smaller  sugar  molecules 
can  be  dissolved  in  water;  the 
larger  starch  molecules  cannot. 
Thorough  chewing  reduces  food 
to  smaller  particles  and  assists  this 
chemical  action. 

Children  can  observe  how  the  size 
of  particles  is  related  to  the  rate 
at  which  a material  dissolves.  Ob- 
tain two  glasses  the  same  size,  and 
put  an  equal  amount  of  warm 
water  in  each.  Crumble  a cube  of 
sugar  into  one  glass;  and  put  a 
whole  cube  in  the  other  glass. 

Which  one  dissolves  faster? 

Ask  children  to  explain  how  this 
activity  helps  them  understand 
the  part  played  by  the  teeth  in 
digestion. 

Refer  to  the  illustration  on  page 
163  and  ask  children  to  tell  where 
food  is  changed  to  liquid.  Trace 
the  path  taken  by  the  food  as  it 
moves  along  the  digestive  system. 

Ask  children  how  food  gets  from 
the  mouth  to  the  stomach.  Some 
will  say  that  it  falls  to  the  stomach 
after  it  is  swallowed. 
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• Does  this  mean  that  you  could 
not  swallow  when  your  mouth 
is  lower  than  your  stomach? 

Ask  them  to  develop  a hypothesis 
and  design  an  experiment  to  test 
the  hypothesis.  They  could  have 
several  children  lie  in  positions  in 
which  their  heads  are  lower  than 
their  trunks.  Some  might  be  will- 
ing to  stand  on  their  heads.  Have 
them  suck  water  through  a straw 
and  try  to  swallow  it. 

• Can  they  swallow  the  water? 

• How  is  it  possible? 

When  you  swallow,  the  esophagus 
(tube  from  mouth  to  stomach) 
initiates  a peristaltic  wave  that 
actually  squeezes  the  food  through 
it  to  the  stomach. 

Muscle  tissues  also  play  an  im- 
portant role  in  digestion.  Smooth 
muscle  tissue  pushes  food  from 
the  mouth  to  the  stomach.  This 
tissue  also  works  to  churn  mate- 
rials in  the  stomach  and  to  move 
food  along  through  the  intestines. 

Background:  Each  living  cell  in  the 
body  is  surrounded  by  a sub- 
stance called  lymph.  Lymph  is 
mostly  water.  It  is  a clear  liquid 
compared  to  blood,  although 
blood  is  also  mostly  water.  Lymph 
serves  as  the  transportation  me- 
dium through  which  substances 
released  from  the  blood  can  get 


You  know  that  there  is  blood  inside  your 
body.  Your  blood  goes  to  every  part  of  your 
body.  It  is  like  a train  that  moves  along 
tracks.  Your  blood  goes  to  every  one  of  your 
living  cells.  Little  by  little,  your  blood 
carries  the  digested  food  from  your  intestines. 

Here  is  a picture  of  the  path  your  blood 
takes.  Does  your  blood  go  to  your  hands? 
Does  your  blood  go  to  your  feet?  Does  your 
blood  go  to  your  head?  Does  your  blood  go 
to  your  arms  and  your  chest? 

Also  to  lungs,  kidneys,  intestines,  and  liver 


USING  THE  SCIENTIST’S  WAY 


Make  a model  of  the  human  body. 
Show  the  mouth  and  stomach.  Show  the 
intestines.  You  can  use  a funnel  for  the 
mouth.  You  can  have  a rubber  hose  go 
from  the  funnel  to  the  stomach.  What 
can  you  use  for  a stomach?  What  can 
you  use  for  the  intestines?  Can  you  think 
of  any  way  that  you  can  show  the  heart? 
Can  you  think  of  any  way  that  you  can 
show  the  blood?  How  can  you  show  the 
cells  in  your  model? 


The  blue  vessels  are  veins,  carrying 
blood  to  the  heart.  The  red  vessels  are 
arteries,  carrying  blood  away  from  the 
heart.  They  are  conventionally  colored 
red  and  blue  so  that  they  can  be  dis- 
tinguished from  each  other.  Make  sure 
that  children  note  that  there  are  veins 
and  arteries  in  every  part  of  the  body— 
even  in  the  bones,  as  explained  on 
page  156. 


into  the  cells.  It  also  serves  as  a 
transportation  medium  in  remov- 
ing wastes  from  the  cells.  Under 
normal  conditions,  blood  never 
comes  in  direct  contact  with  cells. 
Thin-walled  blood  vessels,  called 
capillaries,  form  innumerable  net- 
works throughout  the  body  so 
that  a blood  vessel  is  always  near 
the  cells  of  the  body.  Food  and 
oxygen  from  the  blood  pass 
through  the  capillary  walls  into 
the  lymph,  and  then  into  the  cells. 
Carbon  dioxide  and  other  wastes 
from  cells  pass  through  the  lymph 
and  the  capillary  walls  into  the 
blood. 

Questions  on  page  164  may  be 
answered  by  referring  to  the  illus- 
tration of  the  circulatory  system 
on  page  165.  Ask  children  to  study 
the  illustration  to  find  out  if  all 
the  blood  paths  look  the  same. 

Is  there  any  difference  in  size? 

• Are  all  blood  vessels  of  equal 
length? 

• What  do  you  think  the  differ- 
ences in  color  indicate? 

The  red  vessels  are  arteries,  which 
carry  blood  from  the  heart  to  all 
parts  of  the  body.  The  blue  ves- 
sels are  veins,  which  carry  blood 
to  the  heart  from  various  parts  of 
the  body.) 


TEACHING  SUGGESTIONS 

(p.  166) 


- LESSON:  Why  do  your  cells  need 
oxygen? 

Learnings  to  Be  Developed:  Cells  USe 
oxygen  to  obtain  energy  from 
food. 

Developing  the  Lesson: 

What  is  oxygen?  (A  gas.) 

= From  where  do  we  get  oxygen? 

(The  air.  The  air  is  20  per  cent 

oxygen.) 

The  rapid  oxidation  of  a food  can 
be  demonstrated  by  burning  wal- 
nut meat.  Place  the  nut  on  the 
end  of  a wire  or  a steel  knitting 
needle.  Light  it  with  a match.  As 
it  burns,  tell  the  class  that  oxygen 
is  combining  with  it  so  rapidly 
that  it  is  burning.  Note  the  heat 
that  is  given  off.  Explain  that  oxi- 
dation in  cells  takes  place  much 
more  slowly.  Although  heat  is 
given  off,  there  is  no  flame. 

When  you  hold  your  breath  for 
some  time,  oxygen  is  being  used 
by  cells  in  the  body  more  rapidly 
than  it  is  being  supplied  by  breath- 
ing. This  results  in  what  physiolo- 
gists call  an  oxygen  debt.  To  repay 
the  debt,  and  get  things  running 
normally  again,  one  must  breathe 
more  rapidly.  Once  the  debt  has 
been  paid,  breathing  rate  becomes 
normal  again. 


Why  Do  Your  Cells 
Need  Oxygen? 


You  know  that  your  cells  need  food.  Your 
cells  must  have  food  so  they  can  get  the  energy 
they  need.  Your  cells  need  the  energy  for 
you  to  stay  alive  and  well. 

You  know  that  your  cells  also  need  air. 
Your  cells  need  the  oxygen  that  is  in  the  air. 
The  oxygen  is  a gas  that  you  cannot  see. 
The  oxygen  comes  into  your  body  with  the 
air  that  you  breathe.  The  oxygen  helps  your 
cells  change  the  digested  food  into  energy. 
Then  your  cells  can  do  their  work.  This 
helps  you  stay  alive  and  well. 


USING  THE  SC’^N'^I^T’S  WAY* 

You  can  see  that  your  cells  need 
oxygen.  Breathe  out  all  your  air  through 
your  nose.  Then  hold  your  breath.  Try 
to  count  to  twenty.  Try  not  to  breathe  in 
air  while  you  are  counting.  When  you  start 
breathing  again,  do  you  breathe  harder 
than  before?  Can  you  tell  why? 


How  Do  Your  Cells  Get  Oxygen? 


Right  now,  as  you  breathe,  air  is  coming 
into  your  body  through  your  nose.  There  is 
oxygen  in  the  air.  Each  time  you  breathe  in 
some  air,  you  are  taking  in  some  oxygen. 

But  how  does  the  oxygen  get  to  all  the 
cells  in  your  body?  How  do  the  cells  in  your 
toes,  in  your  ears,  in  your  nose,  and  in  your 
fingers  get  the  oxygen  that  they  need  to  do 
their  work? 

First  you  breathe  the  air  into  your  nose. 
The  air  then  goes  to  your  lungs.  In  your 
lungs  the  oxygen  is  taken  out  of  the  air. 
After  your  lungs  take  the  oxygen  out  of  the 
air,  your  blood  carries  the  oxygen  to  the  cells 
all  over  your  body. 


Group  of 
air  sacs 


TEACHING  SUGGESTIONS 
(pp.  167-168) 


Refer  to  the 
diagram  of  circi:!-?ido. 
on  page  165. 


.Note  that  the  air  sacs  in  the 
lungs  are  very  srnal!.  Each  air 
sac  is  sur.rQunded  by  thin- 
walled  blood  vessels.  Oxygen 
moves  from  air  in  the  lungs 
through  the  walls  of  the  air  '1 
sac,  through  the  walls  of  the  i 
blood  vessels,  and  into  the  | 
blood.  J 


©LESSON:  How  clo  your  cells  get 
oxygen? 

Background:  About  one-fifth  of  the 
air  we  breathe  is  oxygen.  Most  of 
the  rest  is  nitrogen.  Air  has  weight, 
and  exerts  a pressure  on  every- 
thing of  about  15  pounds  per 
square  inch  at  sea  level. 

We  do  not  "suck”  air  into  our 
lungs.  Instead,  lungs  act  some- 
thing like  a bellows.  When  the 
lung  cavity  in  the  chest  is  made 
small,  there  is  pressure  on  the 
lungs,  and  air  is  forced  out.  When 
the  inside  pressure  on  the  lungs 
is  reduced,  air  rushes  into  the 
lungs  through  the  nose. 

Learnings  to  Be  Developed:  The  lungS 
make  it  possible  for  oxygen  to  get 
from  the  air  into  the  blood. 

Developing  the  Lesson:  Have  children 
hold  their  hands  lightly  on  either 
side  of  their  lower  ribs  as  they 
take  deep  breaths.  They  will  feel 
the  ribs  move  slightly  upward  each 
time  they  inhale.  Next  have  them 
feel  their  stomachs,  just  beneath 
the  chest,  as  they  inhale  and  ex- 
hale from  the  lungs.  They  will 
notice  that  the  ribs  go  up  and  the 
stomach  goes  out  as  they  breathe. 
When  the  stomach  goes  out,  the 
diaphragm  (beneath  the  chest 
cavity)  is  lowered.  When  this 
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USING  THE  SCIENTIST’S  WAY 


happens,  along  with  an  upward  1 
movement  of  the  ribs,  the  chest  ; 
cavity  becomes  larger.  There  is  ^ 
less  pressure  on  the  lungs,  and  air  |i 
rushes  in.  |j 

Children  will  enjoy  doing  the  ex-  | 
periment  described  on  page  168  j 
and  will  see  for  themselves  that  ji 
in  order  to  get  more  oxygen,  they  ! 
have  to  breathe  more  rapidly.  Let  , 
several  children  do  the  exercise.  [ 
You  will  probably  find  some  minor 
differences  in  their  breathing  rates.  j 

OADDITIONAL  ACTIVITIES:  f 

To  measure  children's  lung  capac-  ^ 
ity,  fill  two  1-gallon  jugs  with 
water  and  invert  them  in  a large 
pan  containing  about  2 inches  of  | 
water.  Don't  allow  any  water  to  | 
run  out  of  the  jugs.  Insert  one  end  ^ 
of  a rubber  tube  into  the  open  f 
end  of  each  jug,  as  shown.  Have  a | 
child  take  a deep  breath,  and  hold  p 
it.  Now  have  him  blow  through  !■ 

one  of  the  tubes  into  the  bottle  |; 
of  water.  As  air  enters  the  bottle,  ;; 
the  water  will  be  replaced  by  it.  | 
After  he  has  blown  out  as  much  ij 
water  as  he  can,  mark  the  height  ij 
of  the  air  space  in  the  jug.  Re-  f 
move  the  jug  and  fill  it  with  water  ji 
to  that  mark.  Now  measure  the  f 
water  with  cups  or  pint  jars  to  3 

find  out  what  the  volume  of  air  | 

was.  Children  will  want  to  com-  I 

pare  their  lung  capacities  as  meas- 
ured  by  this  technique.  | 


1 -gallon  jugs 


Introduce  the  term  rate  as  the  number  of 
times  per  minute.  Speedometers  measure 
rate  in  miles  per  hour. 


Sometimes  you  do  hard  work.  Then 
your  cells  work  hard.  When  your  cells 
work  hard,  they  need  much  energy.  You 
can  see  what  happens  when  your  cells  need 
more  energy.  You  can  see  what  happens 
when  you  work  hard. 

Count  the  number  of  times  in  one  minute 
that  you  breathe  air  in  through  your  nose. 
Then  jump  up  and  down  ten  times.  Again 
count  the  number  of  times  in  one  minute 
that  you  breathe  air  in  through  your  nose. 
When  did  you  breathe  more?  Can  you  tell 
why? 


How  Does  Your  Body  Get  Rid 
of  Wastes? 

Most  of  the  food  that  you  eat  is  digested. 
But  some  parts  of  the  food  that  you  eat  are 
not  digested.  These  parts  are  called  wastes. 
You  get  rid  of  these  wastes  when  you  go 
to  the  bathroom. 

Your  blood  carries  the  digested  food  to 
your  cells.  To  do  work,  your  cells  need  energy. 
Even  when  you  are  very  still,  your  cells  need 
energy.  As  your  cells  turn  the  digested  food 
into  energy,  they  make  a waste.  The  waste 
your  cells  make  is  a gas  called  carbon 
dioxide  (KAR-bun  dy-OK-syd).  At  this  very 
minute,  your  cells  are  making  carbon  dioxide. 

How  does  the  carbon  dioxide  your  cells 
make  leave  your  body? 

Carbon  dioxide  is  carried  away  from  the 
cells  by  the  blood.  Your  blood  carries  the 
carbon  dioxide  from  all  your  cells  to  your 
lungs.  You  know  that  you  use  your  lungs 
when  you  breathe. 

The  carbon  dioxide  leaves  your  body  each 
time  you  breathe  out. 


TEACHING  SUGGESTIONS 
(pp.  169-170) 


It  is  carried  through  the  veins. 
See  veins  in  the  circulation 
diagram  on  page  165. 


• LESSON:  How  does  your  body 
get  rid  of  wastes? 

Learnings  to  Be  Developed: 

Carbon  dioxide  is  given  off  as  a 
waste  product  from  cells. 

Carbon  dioxide  is  eliminated  from 
the  body  through  the  lungs. 

Developing  the  Lesson:  The  children 
have  just  learned  about  a gas  that 
enters  the  blood  through  the  lungs 
—oxygen.  Here  they  will  find  out 
about  a gas  that  leaves  the  blood 
through  the  lungs.  Remind  them 
that  the  lungs  have  air  sacs  lined 
with  cells  (see  page  167).  Both 
oxygen  and  carbon  dioxide  pass 
through  the  linings  of  the  lungs 
on  their  way  into  or  out  of  the 
bloodstream.  Although  carbon  di- 
oxide is  a gas  and  cannot  be  seen, 
you  can  demonstrate  its  presence 
to  the  class.  Explain  to  the  chil- 
dren that  soda  water  contains  car- 
bon dioxide.  Open  a bottle  of 
soda,  and  hold  a lighted  match 
near  the  open  mouth.  The  match 
will  go  out,  because  it  cannot  get 
sufficient  oxygen.  You  can  make  a 
similar  demonstration  by  holding 
a match  over  some  dry  ice.  which 
is  actually  solid  carbon  dioxide. 
(Do  not  touch  it  with  bare  hands 
or  permit  children  to  touch  it.)  As 
the  ice  changes  from  a solid  to  a 
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gas,  the  carbon  dioxide  released 
into  the  air  will  also  put  out  the 
match.  Children  should  now  be 
able  to  appreciate  why  carbon  di- 
oxide is  used  in  fire  extinguishers. 

There  are  other  ways  that  scien- 
tists determine  the  presence  of 
chemical  substances  such  as  car- 
bon dioxide.  A chemical  that  can 
be  used  to  determine  the  pres- 
ence of  another  substance  is 
called  an  indicator.  Chemists  use 
many  different  types  of  indicators. 
Litmus  paper  is  a common  indi- 
cator for  substances  that  are  acid. 
Dip  a piece  of  litmus  paper  into 
vinegar  to  show  the  children  how 
it  indicates  that  vinegar  is  acid. 

In  the  experiment  suggested  on 
page  170,  if  the  children  blow 
slowly  through  the  straw,  the 
limewater  will  eventually  turn  a 
milky  color.  This  indicates  the 
presence  of  carbon  dioxide  in  the 
breath. 


You  cannot  see  carbon  dioxide  gas.  How 
do  you  think  scientists  know  that  you  are 
breathing  out  such  a gas? 

Scientists  know  that  carbon  dioxide  will 
make  the  liquid  called  limewater  turn  cloudy. 
No  other  gas  makes  limewater  turn  cloudy. 
Scientists  can  use  limewater  to  show  that 
you  are  breathing  out  carbon  dioxide. 


When  carbon  dioxide  is  blown 
through  limewater,  a chemical 
change  takes  place.  The  milky  sub- 
stance is  calcium  carbonate.  Since 
calcium  carbonate  is  insoluble  in 
water,  it  makes  the  water  cloudy. 

O ADDITIONAL  ACTIVITIES: 

Children  can  find  out  if  there  is 
carbon  dioxide  in  the  air.  Leave 
an  open  bottle  of  limewater  in  the 
room  and  do  not  disturb  it  for  at 
least  a week. 


A 

Buy  some  limewater  at  the  drugstore. 
Blow  through  a straw  into  a glass  of 
limewater.  What  happens  to  the 
limewater?  Can  you  tell  why? 

tes- : 


How  Does  Your  Blood  Move? 


Your  blood  is  always  moving  through 
your  body,  even  when  you  are  asleep. 

The  part  of  your  body  that  keeps  your 
blood  moving  is  called  your  heart.  Your 
heart  is  a muscle  in  the  middle  of  your  chest 
that  keeps  your  blood  moving  through  your 
body  as  long  as  you  live. 

You  can  see  how  big  your  heart  is.  Close 
your  hand.  Your  heart  is  about  as  big  as  your 
closed  hand. 


Note  thcit  the  heart  also  sj;  ' w/frt  hio<'‘Cl  ■ r:.rsels:  vnhts  arid  artorio. 
thrombosis  is  a blockage  of  ; rrr  these  r-brr  is  by  hionr:  clots. 


TEACHING  SUGGESTIONS 

(pp.  171-173) 


® LESSON:  How  cloes  your  blood 
move? 

Background:  A medium-sized  adult 
has  5 to  6 quarts  of  blood  in  his 
body.  All  of  it  is  contained  in  the 
heart  and  the  blood  vessels.  Un- 
less the  walls  of  the  blood  vessels 
are  cut  or  broken,  blood  never 
flows  outside  them.  A black-and- 
blue  mark  resulting  from  a blow 
on  the  body  is  caused  by  blood 
that  has  seeped  from  a damaged 
vessel. 

Blood  can  circulate  through  the 
body  in  less  than  a minute.  (This 
fact  has  been  established  by  using 
radioactive  elements,  a develop- 
ment of  the  atomic  age.) 

Learnings  to  Be  Developed: 

The  heart  pumps  the  blood 
through  vessels  in  the  body. 

The  heart  is  a muscle. 

Developing  the  Lesson:  Impress 

youngsters  with  the  fact  that 
months  before  they  were  born, 
their  hearts  started  pumping  blood 
through  their  bodies,  and  will 
continue  pumping  as  long  as  they 
live.  Although  the  heart  slows 
down  at  times  when  we  are  in- 
active, such  as  when  we  are 
asleep,  it  never  stops  beating. 


As  was  mentioned  on  page  163,  j| 
the  heart  is  really  two  pumps  in 
one.  The  left  side  makes  up  one  j 
pump  and  the  right  side  the  other.  j 
The  wall  of  the  heart  is  made  up  i 
of  muscle.  Blood  is  forced  from 
the  heart  into  the  blood  vessels  :j 
by  contraction  and  expansion  of  | 
these  muscles.  Each  time  this  hap-  | 
pens,  the  heart  is  said  to  beat. 

A simple  demonstration  will  help 
children  visualize  the  pumping 
action  of  the  heart.  Obtain  an  old  ,, 
rubber  ball.  With  a sharp  instru-  ij 
ment,  punch  a hole  in  the  ball,  j 
using  scissors  to  make  the  hole  I 
round.  Do  the  same  on  the  oppo-  'j 
site  side  of  the  ball.  ' 

Submerge  the  ball  in  a large  tub  | 
of  water  and  wait  for  the  ball  to  [ 
fill  with  water.  When  the  ball  is  j 
full,  raise  it  so  one  hole  is  above 
the  water  surface.  Squeeze  the  ' 
sides  of  the  ball.  Water  should 
squirt  out  of  the  hole. 

As  you  will  note  in  the  picture  of 
the  heart,  the  valves  are  located 
where  they  can  prevent  the  blood 
from  flowing  backward  where  it 
came.  The  valves  ensure  that  the  ’ 
blood  always  flows  in  the  same  ! 
direction.  ij 

Children  will  need  some  help  in 
finding  the  pulse  and  counting  the  i 
beats.  Take  time  to  practice  taking  i 


Look  at  the  picture  of  a heart.  Each  side 
of  the  heart  is  like  a pump.  The  right 
side  pumps  the  blood  to  the  lungs.  The 
left  side  pumps  the  blood  to  the  rest  of 
the  body. 

The  pumping  action  of  your  heart 
pushes  your  blood  all  through  your  body. 

Locate  the  blood  vessels  of  the  heart  on  the  circulation  diagram,  page  165. 


Blood  from  parts 
of  the  body 
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Blood  is  pumped 
out  of  the  heart. 


USING  THE  SCIENTIST'S  WAY  * 


You  know  that  your  cells  need  a great 
deal  of  energy  when  they  work  hard.  To 
get  more  energy,  your  cells  need  more  food 
and  more  oxygen.  To  get  more  food  and 
oxygen  to  your  cells,  your  blood  moves 
faster  through  your  body. 

You  can  feel  your  blood  moving 
through  your  body.  Press  two  fingers 
against  your  wrist,  as  you  see  in  the  picture. 

Your  blood  will  feel  like  something  that 
is  tapping  under  your  skin.  The  tapping 
that  you  feel  is  really  your  blood  as  it  moves 
through  one  part  of  your  body.  Count  the 
number  of  taps  that  you  feel  in  your  wrist 
in  one  minute. 

Now  jump  up  and  down  ten  times. 
After,  count  the*  number  of  taps  that  you 
feel  in  your  wrist  in  one  minute. 

When  were  there  more  taps?  Was 
your  blood  moving  faster  after  you  jumped 
up  and  down  than  before?  Why? 


On  page  176  the  doctor  explains  why  the 
pulse  is  taken  with  the  fingers  rather  than 
the  thumb. 


pulse  rates.  Have  several  children 
check  the  same  person's  pulse 
and  compare  their  counts. 

Here  is  an  opportunity  to  give 
children  experience  in  recording 
information  on  a table.  Draw  the 
table  on  the  chalkboard.  The  first 
column  is  for  the  names  of  the 
persons  being  checked;  the  sec- 
ond column  is  for  beats  per  min- 
ute. Divide  the  second  column 
into  thirds,  one  for  “before  jump- 
ing," one  for  "after  jumping,"  and 
the  third  for  the  difference. 

Effects  of  jumping  on  Heart  Beats 
Beats  per  Minute 

Name  Before  After  Difference 


The  school  nurse  will  be  able  to 
help  children  find  other  points 
where  the  pulse  may  be  felt. 

Children  may  want  to  experiment 
to  find  out  if  pulse  rates  are  the 
same  for  boys  and  girls.  They  can 
test  after  exercise  and  at  rest.  Re- 
mind them  to  keep  a record. 


Scientists  measure  and  make  comparisons 


• Do  you  find  any  differences? 
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1C  ^HING  SUGGESTIONS 

(pp.  174-183) 

• LESSON:  Why  is  it  important  to 
have  a medical  checkup  every 
year? 

Learnings  to  Be  Developed: 

A medical  checkup  is  necessary 
for  maintaining  good  health. 

Many  illnesses  give  early  warnings 
which  can  be  detected  by  the  an- 
nual checkup. 

Knowledge  that  you  are  in  good 
physical  condition  strengthens 
your  sense  of  well-being. 

Developing  the  Lesson:  Since  the  chil- 
dren have  just  learned  of  the 
body's  various  needs  and  the  way 
some  of  its  major  systems  work, 
this  is  a good  time  for  you  to  read 
this  picture  story  with  them.  This 
will  serve  as  the  culmination  to 
the  learnings  in  the  unit. 

Many  youngsters  see  a family  phy- 
sician or  a pediatrician  on  a regu- 
lar basis,  but  rarely  does  the  doctor 
spend  any  time  explaining  what 
he  is  doing  during  the  examina'- 
tion.  Understanding  the  purposes  | 
behind  the  various  aspects  of  a | 
medical  examination  will  help  the  | 
youngster  to  become  less  appre-  ’ 
hensive  about  checkups  and  will  | 
lead  him  to  be  more  aware  of  the  S 
benefits  to  be  derived  from  regu-  Ij 
lar  visits  to  his  physician  as  an  ^ 
adult.  1 


The  importance  of  a medical  checkup  is  vividly  presented  to  young- 
sters in  this  picture  story.  Point  out  that  if  the  doctor  is  not  visited 
regularly  he  can  do  little  except  in  an  emergency-one  that  he  might 
have  been  able  to  prevent. 


ABOUT  “A  MEDICAL  CHECKUP” 


Science  and  health  go  hand  in  hand.  Scientists' 
discoveries  help  the  physician  to  understand  and  treat 
diseases.  Some  physicians  do  research  themselves 
to  find  new  forms  of  treatment. 

You  must  do  more  than  know  about  your  body.  It 
is  also  important  for  you  to  take  care  of  your  body 
and  to  see  your  doctor. 

Taking  care  of  your  body  means,  among  other 
things,  seeing  your  doctor  at  least  once  a year  for  a 
medical  checkup.  Robert  Preston  is  a third  grader 
who  knows  it  is  important  to  have  a medical 
checkup.  Each  year,  Robert’s  parents  make  an 
appointment  for  Robert  to  see  his  doctor.  This 
time,  Robert  agreed  to  let  a photographer  go  along 
when  he  visited  Dr.  Jay  Weiner.  Dr.  Weiner  believes 
that  if  they  knew  more  about  a medical  examination 
many  more  boys  and  girls  would  go  to  their  doctors 
for  checkups.  So  Dr.  Weiner  agreed  to  tell  us  about 
each  step  of  his  examination  of  Robert. 
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A Medical 
Checkup 


In  the  United  States,  medical  rec- 
ords show  that  fewer  than  10  per 
cent  of  the  millions  of  medical 
visits  made  each  year  are  for  a 
physical  examination.  Most  people 
see  a doctor  only  in  the  event  of 
serious  infections,  accidents,  or 
other  types  of  emergencies.  Yet  a 
medical  examination  can  detect 
the  early  warning  signals  of  heart 
and  blood  disease,  diabetes,  can- 
cer, and  arthritis.  Early  diagnosis 
can  mean  the  difference  between 
effective  control  of  the  disease 
and  crippling  or  even  fatal  results. 
For  example,  cancer  of  the  colon 
and  rectum  kills  over  40,000 
people  each  year.  Yet  regular 
examinations,  according  to  the 
American  Cancer  Society,  can  re- 
sult in  cures  for  three  out  of  four 
people  with  this  type  of  cancer. 

Children  should  grow  up  under 
the  care  of  a family  doctor  or 
pediatrician.  He  will  set  up  a pro- 
gram of  examinations,  usually  an- 
nual checkups.  He  will  also  make 
certain  that  the  children  have  the 
necessary  immunizations  against 
various  diseases. 

Some  children  rpay  need  to  see 
the  doctor  more  than  once  a year; 
for  example,  those  whose  parents 
have  had  diabetes,  or  those  who 
have  had  rheumatic  fever. 


Usually  for  the  first  examination, 
the  doctor  makes  out  a record  of 
a child's  past  and  present  health. 
He  may  ask  questions  about  how 
much  sleep  he  gets,  how  he  gets 
along  with  his  parents,  brothers, 
and  sisters,  what  foods  he  likes  to 
eat,  how  often  he  bathes,  whether 
he  has  been  gaining  or  losing 
weight,  whether  he  is  doing  well 
in  school,  his  after-school  activi- 
ties, whether  he  has  any  difficul- 
ties with  homework,  and  how  he 
feels  about  many  different  things. 
Point  out  to  your  pupils  that  these 
questions  give  the  doctor  a frame 
of  reference  for  some  of  his  deci- 
sions regarding  a child's  health. 


It’s  good  to  see  you  again. 

Please  tell  me  about  anything  that 
has  been  bothering  you.  After  I 
bring  your  medical  record  up-to-date, 
we  will  go  into  the  examination  room. 


The  doctor  may  also  ask  about 
diseases  among  members  of  the 
patient's  family.  The  more  the 
doctor  knows  about  the  patient's 
and  his  family's  medical  history, 
the  better  he  can  interpret  what  he 
finds  in  the  physical  examination. 

Although  the  patient  will  probably 
be  unaware  of  it,  as  the  doctor 
talks, he  studies  the  patient  closely. 
He  notices  such  things  as  the  pa- 
tient's complexion;  the  condition 
of  the  skin  and  hair  are  good  indi- 
cators of  the  patient's  health.  Pos- 
ture, balance,  and  body  structure, 
the  eyes,  and  any  mannerisms  that 
might  give  the  doctor  a clue  to 
overall  health  are  also  noticed. 


First,  the  nurse  will  check  your 
weight  and  height.  I will  enter  that 
information  on  your  medical  record. 
Then  we  can  see  how  much  you  have 
grown  since  you  were  here. 


Another  example  of  why  it  is  necessary  to  keep 
records  of  important  information. 

Now,  I will  feel  your  pulse.  Do  you 
wonder  why  I take  your  pulse  with 
my  first  two  fingers  rather  than  with 
my  thumb?  The  thumb  has  its  own 
strong  pulse;  if  I use  my  thumb,  I 
may  be  feeling  my  own  pulse. 


Refer  back  to  page  173. 


Next,  I will  take  your  blood 
pressure.  First,  I wrap  this  cuff 
around  your  arm.  I then  put  the 
end  of  my  stethoscope  just  below 
the  cuff,  over  an  artery  in  your  arm. 

I squeeze  the  bulb  attached 
to  the  cuff  to  pump  air  into  it.  Do 
you  feel  the  cuff  getting  tighter? 


As  I pump  the  bulb,  the  mercury 
in  the  gauge  goes  up.  When  the 
cuff  is  tight,  it  cuts  off  the  blood 
supply  to  the  artery  in  your  arm,  and 
I cannot  hear  anything.  Now  I let 
air  out  of  the  cuff.  When  the 
pressure  in  the  cuff  gets  down  to  the 
level  of  the  pressure  in  your  artery, 
the  blood  pushes  through  your  artery 
again.  I first  hear  a hissing  with  each 
heartbeat  when  the  pressure  reaches 
110  on  the  gauge.  I know  the 
pressure  is  the  same  as  that  in  your 
bloodstream. 

Now  I let  the  air  out  of  the  cuff. 
Watch  the  mercury  go  down.  As  it 
reaches  70,  the  hissing  sound 
disappears.  This  means  the  pressure 
in  your  arteries  rises  to  110  each 
time  your  heart  beats  and  falls  to 
70  between  beats.  Your  blood 
pressure  is  110  over  70. 

110  millimeters  over  70  millimeters 
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What  does  the  doctor  usually  do 
alter  he  has  recorded  your  medi- 
cal history? 

He  may  do  any  one  of  a number 
of  things.  Each  doctor  has  his  own 
procedure.  In  general,  it  is  similar 
to  the  procedure  followed  by  the 
doctor  in  our  picture  story. 

If  a pupil  notices  something  in  the 
picture  story  that  his  doctor  does 
not  do  during  a physical  exami- 
nation, explain  that  each  doctor 
knows  his  patient  and  just  what  he 
needs  for  his  medical  checkup. 

Sometime  early  in  the  examina- 
tion, the  doctor  will  check  the 
youngster's  pulse  and  take  his 
blood  pressure.  He  may  check  the 
blood  pressure  both  before  and 
after  exercise.  He  will  be  alert  for 
any  variations  from  normal  read- 
ings. Both  sides  of  the  heart  beat 
in  unison.  First  the  auricles  and 
then  the  ventricles  contract.  The 
part  of  the  beat  during  which  the 
heart  relaxes  and  the  ventricles 
are  filling  is  called  the  diastole. 
The  period  of  contraction  is  called 
systole.  Thus  we  have  two  kinds 
of  blood  pressure  — systolic  and 
diastolic.  Diastolic  is  the  lower  of 
two  figures  such  as  110/70.  70  is 
the  low  pressure  level  in  the  ar- 
teries, during  the  period  when  the 
heart  is  resting.  The  figures  record 
the  number  of  millimeters  a col- 
umn of  mercury  is  raised  by  the 
force  of  the  blood  pressure. 


Next  the  doctor  checks  the  eyes, 
ears,  nose,  and  throat.  He  may  de- 
cide to  give  the  child  a basic  hear- 
ing test  and  perhaps  a color- 
blindness test.  These  tests  will 
indicate  to  him  if  the  child  needs 
the  services  of  a specialist.  Using 
his  special  instruments,  he  will 
study  the  tissues  that  line  each  of 
these  organs,  including  the  condi- 
tion of  the  blood  vessels  in  them. 
He  will  be  looking  for  the  pres- 
ence of  inflammation  or  other 
irregularities  that  supply  him  with 
clues  to  health.  He  may  take  the 
time  to  caution  the  youngster 
about  caring  for  his  ears.  Any 
foreign  object  that  accidentally 
lodges  in  the  ear  can  be  danger- 
ous and  should  be  removed  only 
by  a doctor.  Picking  the  ear  canal 
with  hairpins,  toothpicks,  or  simi- 
lar objects  can  be  extremely  dan- 
gerous. Doing  so  may  cause  an 
infection  in  the  ear  canal  or  even 
puncture  the  ear  drum.  Even  con- 
stant wiping  of  the  canal  with 
cotton  swabs  may  cause  irritation 
and  a local  infection.  The  ear 
needs  little  more  attention  than  to 
be  washed  with  a washcloth  cov- 
ering the  end  of  a finger.  Often 


If  you  will  sit  on  the  edge  of  the 
table,  I will  examine  your  eyes,  ears, 
nose,  and  throat.  I will  darken  the 
room  a little,  so  that  I can  use  an 
instrument  that  will  shine  a tiny  spot 
of  light  first  into  one  eye  and  then 
into  the  other.  With  this  instrument 
I can  examine  the  blood  vessels  in 
the  backs  of  your  eyes  to  see  how 
healthy  they  are.  This  is  the  only 
place  in  the  body  where  a doctor  can 
look  at  the  blood  vessels. 

I will  also  shine  a light  into  your 
eyes  to  see  if  the  pupils  of  your  eyes 
become  narrower.  If  not,  I will  have 
to  do  more  tests. 

We’ll  turn  the  lights  back  on.  I 
want  you  to  follow  the  movement  of 
my  finger  with  your  eyes.  Good. 
Your  eyes  move  the  way  they  should. 
If  I thought  there  were  anything 
wrong,  I would  ask  you  to  go  to  a 
doctor  who  is  an  eye  specialist. 


178 


Let’s  look  in  your  ears.  With  this 
instrument  I can  see  your  eardrums. 
Also,  I will  stand  behind  you  and 
whisper  some  numbers  to  see  if  your 
hearing  is  good. 

There  are  no  signs  of  an  infection 
in  your  nose. 


Compare  these  pic^.'jres  with  there  on  page  13/. 


I will  now  examine 
your  teeth  and 
tongue.  I see  you 
have  been  visiting 
your  dentist.  As  you 
know,  seeing  your 
dentist  is  also 
important  for  your 
health.  Say  “Ahhh” 
so  I can  see  into  your 
throat. 


You  always  see  the  doctor  throw 
away  the  wooden  stick  that  he  placed 
in  your  mouth.  Do  you  know  why 
he  throws  away  the  stick? 

To  avoid  infecting  other  people,  if  the  patient 
should  have  an  infectious  disease. 


varying  degrees  of  inflammation 
and  fluid  accumulation  occur 
without  pain  in  the  ear.  The  only 
symptom  then  is  hearing  loss.  A 
test  for  hearing,  coupled  with  an 
examination  of  the  nose,  throat, 
and  ear,  and  proper  treatment  is 
the  only  way  that  complications 
can  be  prevented. 
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Part  of  the  usual  examination  is  a 
close  study  of  the  lymph  nodes  in 
the  neck,  armpits,  and  groin.  In 
the  neck  the  doctor  will  feel  for 
swellings  of  the  thyroid  gland  and 
any  enlargement  of  the  lymph 
nodes.  He  will  palpate  the  ab- 
dominal wall  to  check  for  enlarge- 
ments and  tender  areas  of  the 
spleen,  liver,  and  other  abdominal 
organs.  An  enlargement  of  the 
spleen  might  indicate  the  need 
for  blood  tests  to  check  for  blood 
disorders. 

Percussing  the  chest  area  gives 
him  the  size  of  the  heart,  as  well 
as  the  outline  and  general  condi- 
tion of  the  lungs. 

In  examining  the  heart,  the  doc- 
tor's judgment  is  aided  by  tests 
and  instruments  that  give  impor- 
tant information  about  the  heart's 
behavior.  All  these  tests  require 
his  expert  interpretation.  Some  of 
the  tests  are  quite  simple;  others 
are  very  sophisticated.  One  test 
may  require  the  child  to  do  some 
exercise.  The  time  needed  for  his 
pulse  rate  to  return  to  normal 
gives  some  indication  of  his 
heart's  reserve  capacity. 

The  heart  is  constantly  clicking, 
swishing,  and  lubbing.  The  stetho- 
scope is  an  instrument  that  magni- 
fies heart  sounds.  The  typical  heart 
sound  is  lubb-dup.  The  dull,  low 
"lubb"  is  caused  by  the  closing 
of  the  valves  between  the  auricles 


Now  it’s  time  for  you  to 
take  off  your  shirt  so  I can 
feel,  or  palpate,  the  glands  on 
the  sides  of  your  neck  and 
the  glands  underneath  your 
arms.  If  any  of  the  glands 
are  enlarged  it  means  that 
there  may  be  an  infection 
in  that  part  of  your  body. 


I try  to  feel  your  liver  and 
spleen  by  pushing  in  on  your  skin. 


Sit  up.  I will  thump,  or  percuss, 
your  back  and  your  chest.  I can  tell 
from  the  sounds  the  thumping  makes 
if  anything  is  wrong  in  your  chest, 
especially  in  your  lungs.  |c 


'■'■■Have  you  tried  to  test  what  is  inside  a 
container  by  thumping  on  it? 
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I shall  use  my  stethoscope  now  to 
listen  to  your  heart  beating  and  to 
the  sounds  of  your  breathing. 

Recall  page  137,  where  the  veterinarian  used  a 
stethoscope  on  the  monkey. 


A few  more  tests,  and  we  will  be 
finished.  I want  to  check  your 
nervous  system.  I start  by  tapping 
just  below  your  kneecap  to  test  your 


reflexes.  A reflex  is  a movement, 
such  as  sneezing,  over  which  you 
have  no  control.  When  I tap,  your 
leg  should  and  does  kick  out. 


You  can  demonstrate  the  knee’s  jerk  reflex. 

I do  another  test  by  scratching 
the  soles  of  your  feet  with  a point 
like  the  one  on  this  key.  See  what 
happens:  your  toes  curl  down.  If 
they  did  not,  I would  have  to  find 
out  why. 


and  the  ventricles.  The  "dup" 
sound  is  shorter,  higher  pitched, 
almost  a clicking.  It  is  caused  by 
the  closing  ofthe  semilunar  valves. 
The  fraction-of-a-second  pause 
between  a “dup"  and  the  next 
“lubb"  is  the  time  the  heart  rests. 

The  doctor  checks  the  nervous 
system  in  a variety  of  ways.  He 
may  test  the  child's  steadiness  in 
body  balance  by  having  him  stand 
with  his  eyes  shut  and  feet  close 
together.  He  will  test  the  state  of 
the  muscle  and  tendon  reflexes 
by  tapping  the  tendon  at  the  knee 
with  a hammer  to  obtain  the  knee 
jerk.  He  will  probably  do  the 
same  at  the  elbow,  wrist,  and 
ankle.  Absence  of  reflexes  on 
both  sides  may  indicate  polio,  a 
past  or  present  meningitis,  or 
nerves  damaged  by  diabetes  or 
deficient  in  vitamins.  Overactive 
reflexes  may  give  clues  to  paraly- 
sis, if  on  one  side  of  the  body.  On 
both  sides  of  the  body  they  may 
mean  a highly  sensitive  nervous 
system  or  an  emotionally  high- 
strung  person. 

Another  test  is  the  plantar  scratch 
test,  in  which  the  doctor  strokes 
the  bottom  of  the  foot  with  a 
stick  or  finger.  If  the  large  toe 
rises  and  the  other  toes  move 
downward,  the  response  is  a 
"positive  Babinski  sign"  and  signi- 
fies a past  or  present  one-sided 
paralysis. 


The  doctor  may  decide  to  include 
some  basic  laboratory  tests  as  part 
of  the  child's  medical  checkup. 
These  tests  might  be  a chest  X ray 
for  tuberculosis,  an  electrocardio- 
gram, a blood  sample  for  infec- 
tion or  latent  diabetes,  or  a urine 
test  for  diabetes. 


check  your  posture. 


Once  the  examination  is  over,  the 
doctor  will  write  down  his  find- 
ings on  his  medical  record  card. 
Each  time  the  child  visits  him  he 
will  add  to  the  notes.  Over  the 
years  the  doctor  will  compile 
a complete  history  of  the  child's 
health.  This  will  be  invaluable  to 
the  doctor.  It  will  give  him  sug- 
gestions as  to  the  cause  of  dis- 
orders should  any  appear. 

At  the  end  of  the  visit,  the  doctor 
will  tell  the  child  and  his  parents 
whether  the  child  is  in  good 
health  or  whether  further  tests 
are  necessary  to  ascertain  the  con- 
dition of  the  child.  He  will  discuss 
any  shots  the  child  may  need  and 
work  out  a schedule  for  them. 
Finally,  he  will  take  one  other  im- 
portant step  — he  will  make  an 
appointment  for  the  next  exami- 
nation. 


My  medical  records  show 
that  you  need  a tetanus 
booster  shot.  This  little  bottle 
is  filled  with  tetanus  vaccine, 
which  I will  inject  into  your 
arm.  The  injection  takes  only 
a few  seconds,  and  the 
vaccine  will  protect  you  from 
tetanus.  Children  who  have 
not  had  tetanus  shots 
sometimes  get  the  disease 
tetanus  when  they  get  cut 
while  playing  in  the  soil.  The 
tetanus  germs  are  found  in  the 
soil  where  cows  and  horses 
have  been. 

Your  medical  examination  is 
over.  It  shows  that  you  are 
in  good  health.  You  have  done 
a good  job  of  taking  care  of 
yourself.  Your  next  medical 
checkup  will  be  one  year  from 
today. 


MORE  ABOUT  “A  MEDICAL  CHECKUP” 


You  have  just  followed  step  by  step  a medical 
examination  of  a child.  Your  own  doctor  may  not 
follow  the  same  order  of  steps.  Perhaps  your 
doctor  will  do  more  or  fewer  tests  than  Robert’s 
doctor  did.  This  is  because  your  doctor  knows  you, 
and  just  what  you  need  for  your  medical  checkup. 

Each  time  you  have  a checkup,  your  doctor  keeps 
a record  of  everything  he  has  found  out  about  you. 
Over  the  years,  this  record  serves  as  your  medical 
history.  If  you  see  your  doctor  regularly,  he  can 
sometimes  find  and  treat  a disease  before  it  becomes 
serious.  He  can  also  help  to  prevent  diseases. 

Now  that  you  have  learned  more  about  a medical 
checkup,  ask  yourself  these  questions: 

1.  When  did  I last  have  a checkup? 

2.  Is  it  time  for  another  one? 

3.  How  am  1 making  use  of  what  I have  learned  to 
take  care  of  my  body? 

You,  your  parents,  and  your  doctor  share  the  job  of 
keeping  you  in  good  health.  But  your  doctor  cannot 
do  his  part  unless  you  see  him  at  least  once  a year 
for  your  checkup. 

If  u . '■  school  h . a medic.  ■-  leckup  discuss  it  -■ 


o additional  ACTIVITIES: 

Perhaps  the  class  can  invite  a local 
doctor  to  visit  the  school,  or  per- 
haps the  local  board  of  health  has 
a speaker  who  will  show  and  tell 
the  pupils  about  the  various  in- 
struments doctors  use.  One  of  the 
best  ways  for  children  to  get  rid 
of  fears  they  may  have  of  doctors 
is  to  touch  a real  stethoscope,  put 
it  on  and  listen  to  the  heart  with 
it,  look  through  an  otoscope,  or 
try  the  knee  jerk  reflex  with  a 
small  medical  hammer.  Familiarity 
leads  to  understanding,  and  under- 
standing relieves  fears. 


Additional  Readings: 

Doctors  and  What  They  Do,  by 
Harold  Coy  (Watts,  1956). 

Science  and  the  Doctor,  by  F.  R. 
Elwell  and  J.  M.  Richardson  (Cri- 
terion, 1959). 

The  Wonderful  World  of  Medi- 
cine, by  Ritchie  Calder  (Garden 
City,  1958). 


TEACHING  SUGGESTIONS 

(pp.  184-185) 


♦ LESSON:  Why  is  William  Harvey 
a pathfinder  in  science? 

Learnings  to  Be  Developed: 

William  Harvey  made  many  care- 
ful observations  in  developing  his 
ideas  about  circulation  of  the 
blood. 

It  wasn't  until  Harvey  experi- 
mented with  animals  that  he 
could  be  certain  his  ideas  were 
correct. 

Developing  the  Lesson:  Write  these 
names  on  the  chalkboard: 

Michael  Faraday 
Nicolaus  Copernicus 
Louis  Agassiz 
William  Beebe 

•What  did  each  of  these  men  do 
to  become  a pathfinder  in  sci- 
ence? 

•Was  one  discovery  more  impor- 
tant than  the  others?  (In  terms 
of  the  impact  upon  people  and 
society,  probably  Faraday  and 
Copernicus  made  the  more  im- 
portant discoveries,  but  this  is 
open  to  discussion.) 

•About  what  was  Harvey  curious? 
(What  happened  to  the  blood  in 
the  body.) 

•Why  had  he  become  curious 
about  circufation?  (Had  studied 


PATHFINDERS  IN  SCIENCE 


William  Harvey 

(1578-1657)  ENGLAND 


William  Harvey  was  an  English 
medical  doctor  who  worked  in  the 
seventeenth  century.  Before  this, 
most  people  did  not  question  what 
they  were  told  by  a few  wise  men. 
But  in  Harvey’s  time,  the  people 
wanted  to  find  out  themselves. 
Learned  men  then  began  to  do 
experiments  to  find  answers  to  the 
questions  that  they  had. 

Harvey  was  doctor  to  King 
James  I and  then  to  King  Charles  I 
of  England.  King  Charles  let 
Harvey  use  the  royal  deer  parks 
for  his  experiments. 

Harvey  wanted  to  know  how  the 
heart  works  and  how  the  blood 
flows  through  the  body.  He 
studied  heartbeats  of  many 
animals— pigs,  dogs,  snakes,  frogs, 
and  fish.  He  found  that  at  one 
point  in  the  heart’s  action  it  gets 
smaller.  When  the  heart  becomes 
smaller,  blood  is  pushed  into  tubes 
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What  parts  of  the  physical  checkup  had  to  do  with  the  heart  and  circulation  of  blood? 
(Stethoscope,  pages  173,  181;  blood  pressure,  page  177;  pulse,  page  176;  blood 
vessels  in  eye,  page  178.) 


connected  to  the  heart.  These 
tubes,  which  we  call  arteries 
(AR-ter-eez),  go  to  all  parts  of  the 
body.  The  heart  acts  like  a pump. 

Harvey  saw  that  the  blood 
comes  into  the  heart  from  other 
tubes,  which  are  called  veins. 
Harvey  did  a simple  experiment. 
He  cut  an  artery  in  an  animal. 
The  blood  flowed  from  the  artery. 
Harvey  examined  the  dead  animal 
and  found  that  there  was  no  blood 
in  the  animal’s  veins.  This  led 
Harvey  to  the  idea  that  blood 
makes  a complete  trip  around  the 
body.  The  same  blood  that  leaves 
the  heart  through  the  arteries  must 
return  to  the  heart  through  the 
veins  and  be  pumped  around  again 
and  again.  We  call  this  movement 
the  circulation  (ser-kyoo-LAY-shun) 
of  the  blood. 

What  Harvey  learned  about  the 
circulation  of  the  blood  is  one  of 
the  greatest  discoveries  in  science. 
People  no  longer  had  to  wonder 
how  their  hearts  worked.  Now 
they  knew. 


Doctors  did  not  know  about  infectious  diseases  in  Harvey’s  time.  What  parts  of  the 
medical  checkup  had  to  do  with  infection?  (Ear,  nose,  and  throat,  page  179;  glands, 
page  180.) 


medicine  and  he  was  a practic- 
ing doctor.) 

Do  doctors  today  make  discov- 
eries? (Jonas  Salk;  polio  vaccine.) 

What  did  Harvey  observe  to  de- 
velop his  ideas?  (Heartbeat  of 
pigs,  dogs,  snakes,  frogs,  and 
fish.) 

How  did  he  test  his  idea  that 
blood  leaves  the  heart  through 
the  arteries?  (Experimented  with 
animals.) 

Was  Harvey's  discovery  more 
like  that  of  Faraday  or  that  of 
Copernicus?  (Faraday  could 
prove  that  a magnet  produced 
an  electric  current  in  a wire. 
Harvey  could  prove  that  the 
heart  circulated  blood  through 
the  body  in  a closed  system  of 
vessels.  Copernicus  could  not 
actually  prove  that  the  sun  was 
the  center  of  the  solar  system.) 

Acquaint  children  with  the  fact 
that  medical  superstitions  exist  to- 
day. For  example,  people  in  some 
parts  of  the  world  believe  that 
evil  spirits  make  people  sick.  To 
help  a sick  person  get  well,  medi- 
cine men  sometimes  wear  fright- 
ening masks,  burn  foul-smelling 
leaves  and  oils,  and  recite  special 
chants  to  drive  away  the  evil 
spirits.  Ask  children  if  this  is  the 
same  kind  of  experimenting  that 
Harvey  tried. 


TEACHING  SUGGESTIONS 

(pp.  186-187) 


Background: 

1.  Before  attempting  the  stetho- 
scope activity,  review  some  gen- 
eral concepts  of  sound  with  the 
children. 

• What  are  some  things  that  you 
can  heart' 


• What  are  these  things  doing 
that  make  it  possible  for  you  to 
hear  them?  (Producing  sound.) 

* How  are  they  producing  sound? 

The  concept  of  vibrating  objects' 
producing  sound  was  developed 
in  Science  for  Tomorrow's  World, 
Book  1.  Review  it  and  use  these 
demonstrations  as  illustrations. 

Hold  your  fingers  on  your  throat 
as  you  speak,  and  feel  the  vibra- 
tions of  your  vocal  cords. 

Hold  a piece  of  paper  in  front  of 
your  mouth  as  you  talk,  and  feel 
the  paper  vibrate. 

Vibrate  a tuning  fork  and  dip  the 
prongs  of  it  in  a pan  of  water  to 
observe  how  the  prongs  make  the 
water  vibrate. 

Children  will  be  able  to  hear  a 
heart  beating  if  they  place  their 
ear  directly  on  someone's  chest, 
it  is  best  to  cover  the  other  eai 
to  eliminate  extraneous  sounds. 
Good  results  will  be  obtained  if 
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Using  What  You  Have  Learned 


1.  A doctor  uses  a stethoscope 
(STETH-uh-skohp)  to  listen  to  your  heart  and 
find  out  if  it  is  well. 

You  can  make  a stethoscope.  Get  a funnel, 
some  rubber  tubing,  and  a Y-shaped  tube 
such  as  you  see  in  the  picture. 

First  cut  off  a small  piece  of  tubing  and 
put  it  over  the  end  of  the  funnel. 

Next,  put  the  Y-shaped  tube  into  the  other 
end  of  the  tubing. 

Then  cut  the  rest  of  the  tubing  in  half. 
Put  one  piece  over  each  arm  of  the  Y-shaped 
tube. 

To  use  the  stethoscope,  have  someone 
hold  the  funnel  hard  against  the  skin  over 
his  heart.  Then  put  the  ends  of  the  tubing 
into  your  ears.  Can  you  hear  his  heart 
beating  as  the  heart  pumps  blood  through 
the  body? 

- Refer  >o  pages  137  and  181. 


2.  Use  the  library  to  find  pictures  of 
animals'  hearts.  You  might  try  to  find 
pictures  of  a fish's  heart,  a dog's  heart,  and 
a bird's  heart.  How  are  these  hearts  the 
same?  How  are  they  different? 

3.  Your  class  can  visit  a museum  of  natural 
history.  There  you  can  see  what  the  parts  of 
the  body  look  like.  You  can  see  what  a heart 
looks  like.  You  can  see  what  the  lungs  look 
like.  You  can  see  how  the  blood  goes  all 
through  the  body. 


this  is  tried  just  after  vigorous  ex- 
ercise. 

Why  are  you  able  to  hear  the 
heartbeat  when  your  ear  is  on 
someone's  chesti'  (As  the  heart 
beats,  it  vibrates,  and  tf)e  vibra- 
tions are  conducted  through  the 
chest.) 

Why  are  the  funnel,  the  rubber 
tubing,  and  the  Y-shaped  tube 
used  in  this  activity?  (To  collect 
more  vibrations  and  direct  them 
to  both  ears.) 

2.  In  seeking  out  similarities  and 
differences  in  the  hearts  of  various 
animals,  children  will  discover  that 
fish  have  two-chambered  hearts, 
frogs  and  other  amphibians  have 
three-chambered  hearts,  and  birds 
and  mammals  have  four-cham- 
bered hearts.  All  these  hearts  are 
the  same  in  that  they  have  valves 
to  control  the  direction  in  which 
the  blood  flows. 

A recommended  source  for  chil- 
dren is  Your  Heart  and  How  It 
Works,  by  Herbert  S.  Zim. 

3.  There  is  no  practical  substitute 
for  the  transparent  man  or  woman 
that  is  exhibited  in  museums  or 
plaster  or  plastic  models  sold  by 
various  biological  supply  houses. 
A list  of  supply  houses  appears  in 
the  Teachers'  Guide.  Here  you  can 
see  all  of  the  organs  and  their  ar- 
rangement in  the  body. 


TEACHING  SUGGESTIONS 

(pp.  188-189) 

Background:  These  two  pages  con- 
stitute a review  of  the  concepts 
and  terminology  introduced  in 
this  unit. 

What  You  Have  LearnediThis  is  a sum- 
mary of  the  entire  unit,  with  new 
words  in  boldface  type. 

Checklist  of  Science  Words:  Remind 
the  pupils  that  there  is  a Diction- 
ary of  Science  Words  on  pages 
227-234.  They  should  consult  this 
dictionary  whenever  they  are  un- 
sure of  the  precise  meaning  of  a 
word. 


WHAT  YOU  KNOW  ABOUT 

Your  Body’s  Noeds 


What  You  Have  Learned 

Your  cells  need  food  so  that  they  will  have  the 
energy  to  do  work. 

Digestion  is  the  way  your  body  changes  the  food 
you  eat  so  your  cells  can  use  it.  Digestion  is  started 
by  saliva  in  your  mouth.  The  food  goes  to  your 
stomach  and  then  to  your  intestines,  where  it  is 
broken  up  still  more.  Your  blood  carries  the 
digested  food  from  your  intestines  to  your  cells. 

When  you  breathe,  air  goes  to  your  lungs,  where 
the  oxygen  is  taken  out. 

When  cells  use  food,  they  give  olf  a waste  called 
carbon  dioxide.  Your  blood  carries  the  carbon 
dioxide  to  your  lungs,  and  then  you  breathe  it  out. 

Checklist  of  Science  Words 

Here  are  some  science  words  you  read  about  in  this 
unit.  Can  you  tell  what  you  have  learned  about 
each  one? 

digestion  heart  microscope  stomach 

energy  lungs  muscle  thermometer 

It  is  important  that  children  have  the  experience  of  telling  what  words 
]^gg  such  as  these  mean  to  them.  It  is  a part  of  the  process  of  developing  con- 

cepts. 


. ii_  . A test  of  knowledge  of  parts  of  th 

Matching  Tests 

Can  you  match  the  sentences  with  the 

1.  It  helps  you  to  move. 

2.  It  pumps  your  blood. 

3.  They  take  the  oxygen  out  of  the  air. 

4.  It  helps  digest  the  food  you  eat. 

Guess  the  Words 

Number  a page  in  your  notebook  from  1 to  7. 
Write  on  your  paper  the  words  that  fit  the  sentences 
below. 

1.  The  way  that  food  is  turned  into  a liquid  is 
called  ? 

2.  When  you  eat,  a liquid  comes  into  your  mouth. 
The  liquid  is  called  ? 

3.  Food  goes  from  your  stomach  to  yoxir  ? 

4.  Your  ? carries  the  digested  liquid  food 
from  your  intestines  to  your  cells. 

5.  Your  cells  give  off  a waste  called  ? 

6.  Your  cells  need  ? to  be  able  to  do  their 
work. 

7.  The  part  of  the  food  that  is  not  used  by  your 
cells  is  ? 


Matching  Tests 

1.  muscle 

2.  heart 

3.  lungs 

4.  stomach 

Guess  the  Words 

1.  digestion 

2.  saliva 

3.  intestines 

4.  blood 

5.  carbon  dioxide 

6.  energy 

7.  waste 
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YOU  CAN  LEARN  MORE  ABOUT 


TEACHING  SUGGESTIONS 

(pp.  190-191) 


Background:  These  pages  reinforce 
the  concepts  presented  in  the  unit 
by  suggesting  activities  that  extend 
the  pupil's  ability  to  apply  the 
learnings  derived  from  the  unit. 

Guess  the  Word:  Have  children  make 
up  sentences  like  those  in  this  ac- 
tivity as  clues  to  the  following  key 
words  used  in  this  unit; 

microscope  stomach 

thermometer  lungs 

digestion  heart 

saliva  Harvey 

After  they  have  made  up  their 
clue  sentences  and  scrambled- 
letter  words,  have  them  exchange 
papers  so  that  each  member  of 
the  class  can  try  out  items  that 
someone  else  has  written. 


Watching  Your  Blood  Pumped:  In  this 
activity,  encourage  children  to  ex- 
periment with  various  pieces  of 
materials  as  substitutes  for  the 
match.  They  might  try  drinking 
straws  and  toothpicks.  See  who 
can  prepare  the  setup  that  will 
show  the  greatest  action  as  a re- 
sult of  the  pulse  in  the  wrist. 


11 


Your  Body’s  Needs 


GU6SS  th©  Word  ^ of  speUmg  and  understanding 


1.  Your  cells  need  this  to  do  their 
work. 

2.  A waste  that  is  made  in  your 
cells. 

3.  A gas  that  comes  into  your  body 
every  time  you  breathe  in  some  air. 

4.  All  of  the  parts  of  your  body  are 
made  of  these. 

5.  Digestion  starts  as  soon  as  food 
comes  into  this  part  of  your  body. 

Watching  Your  Blood  Pumped 

Stick  a drawing  pin  into  the  middle 
of  a wooden  match.  Hold  your 
hand  out,  with  the  underside  of  your 
wrist  up  and  flat.  Place  the  head  of 
the  pin  on  your  wrist  so  you  can  see 
the  match  move  each  time  that  your 
blood  is  pumped  by  your  heart. 


REENGY 

BARONC  EXIDDIO 
NEXGOY 
SELCL 
THOUM 


The  match  will  wiggle 
each  time  your  heart  beats. 
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Make  a Lung  Model 

Use  some  rubber  sheeting  to  cover 
the  end  of  a chimney  lamp.  Use  a 
rubber  band  or  string  to  hold  the 
sheeting.  Attach  two  balloons  to  two 
pieces  of  tubing  fitted  through  a 
two-hole  rubber  stopper.*  Put  the 
stopper  into  the  top  of  the  lamp.  The 
balloons  are  like  your  lungs.  See 
what  happens  to  the  balloons  when 
you  push  and  pull  the  sheeting. 

You  Can  Read 

1.  What’s  Inside  of  Me?  by  Herbert 
Zim.  Learn  about  your  body. 

2.  Your  Body  and  How  It  Works  by 
Patricia  Lauber.  Learn  how  your 
body  works. 

3.  Wonders  of  the  Human  Body  by 
Anthony  Ravielli.  See  how  you  move. 

They  could  use  clay,  as  on  page  70. 


Make  a Lung  Model:  Before  children 
attempt  to  make  the  lung  model, 
review  the  material  on  pages  166 
and  169  that  explains  what  hap- 
pens in  the  body  when  air  is  in- 
haled and  exhaled.  In  this  activity, 
the  lamp  chimney  represents  the 
chest  cavity  in  which  the  lungs  are 
located,  the  balloons  represent 
the  lungs,  and  the  rubber  sheeting 
represents  the  diaphragm.  As  the 
diaphragm  (rubber  sheeting)  is 
pulled  down,  the  space  inside  the 
chimney  increases,  so  there  is  less 
pressure  on  the  balloons  and  air 
will  rush  into  them  from  the  out- 
side through  the  tubes. 

You  Can  Read:  Here  are  some  addi- 
tional books  that  you  and  your 
pupils  will  find  useful: 

All  About  the  Human  Body,  by 
Bernard  Glemser  (Random  House, 
1958).  An  excellent  anatomy  and 
physiology  book,  with  good  dia- 
grams of  the  organs.  Good  teacher 
reference. 

What  Makes  Me  Tick,  by  Hyman 
Ruchlis  (Harvey  House  Publishing, 
1957).  A very  lucid  introduction 
to  cell  structure  and  to  the  diges- 
tive, circulatory,  respiratory,  and 
nervous  systems.  Good  teacher 
reference. 


KEY  CONCEPTS 


Key  Concept  1.  Events  in  the  nat- 
ural environment  happen  in  an 
orderly  rather  than  a haphazard 
way;  man  searches  for  laws  to 
explain  this  order  by  observing, 
hypothesizing,  checking  his  ideas, 
and  rejecting  those  which  do  not 
square  with  reality. 

Key  Concept  6.  There  is  a basic 
tendency  toward  stability  or  equi- 
librium in  the  universe;  thus,  en- 
ergy and  matter  may  be  trans- 
formed, but  the  sum  total  of  mat- 
ter and  energy  is  conserved. 

Key  Concept  10.  Man  has  changed 
and  continues  to  change  the  nat- 
ural environment;  but  because  he 
is  often  ignorant  of  long-range 
consequences,  his  actions  may 
have  harmful  effects  for  himself 
and  for  other  living  organisms. 

CONCEPTS: 

1.  Foods  are  classified  into  four 
groups  based  upon  the  type  of 
nutrients  they  contain. 

2.  You  get  the  nutrients  you  need 
if  you  eat  enough  food  from  each 
group  every  day. 

3.  Through  experiments,  scien- 
tists have  identified  many  of  the 
essential  nutrients. 

4.  Scientists  work  on  problems 
having  to  do  with  increasing  the 
food  and  water  supplies  of  the 
world. 


PROCESSES: 


6 

Other  concepts  appear  under  "Learnings  to  Be  Developed" 
in  each  lesson  found  in  the  Teaching  Suggestions. 

Food  for  Life 


What  You  Will  Find  Out 

Eating  certain  foods  is  important  in  keeping 
healthy.  You  will  find  out  about  the  foods  you 
need.  You  will  learn  about  what  is  being  done 
to  get  more  and  better  food  for  all  people. 


* Questioning — Page  214. 
“Observing — 194,  200,  201,  204, 
205,  215. 

“Experimenting — 194,  202,  204, 
205,  218. 

Comparing — 190,  191,  194. 
•Inferring — 194,  204,  205. 

Classifying— 190,  194,  197,  218. 
•Selecting  (sources  from  recall) 
—196,  197,  :211,  215,  219. 
•Communicating — 192,  193 

* Demonstrating — 219. 

Explaining — 190. 
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TEACHING  SUGGESTIONS  /f- 

(pp.  194-198)  ''I 

• LESSON:  Are  all  foods  the  same? 

Background;  The  food  of  all  living 
organisms  is  made  up  of  a number 
of  chemical  substances  called  nu- 
trients. Each  nutrient  has  a spe- 
cific function  within  an  organism. 
Nutrients  furnish  fuel  materials 
needed  for  the  release  of  energy, 
provide  necessary  materials  for 
the  growth  and  maintenance  of 
cells,  and  supply  other  substances 
necessary  for  good  health.  All  liv- 
ing organisms  are  equipped  with 
means  of  utilizing  nutrients. 

Learnings  to  Be  Developed: 

Foods  contain  nutrients  that  our 
bodies  need  in  order  to  be 
healthy. 

Some  foods  contain  more  of  one 
nutrient  than  of  others. 

Developing  the  Lesson:  Ask  children 
to  name  the  foods  they  like  best 
and  write  the  list  on  the  chalk- 
board. Next  ask  them  to  indicate 
which  of  the  foods  listed  are  good 
for  them.  As  each  food  is  marked, 
ask  how  they  know  it  is  good  for 
them.  ' 

Now  you  are  ready  to  discuss  the  ; 
questions  on  page  194.  Do  not  s 
indicate  whether  pupils  answers  ' ^ 
are  right  or  wrong  at  this  point,  jj 
but  keep  the  discussion  open.  As  | 
they  progress  through  the  unit,  I 


Do  you  think  cake  and  soda  make  a 
good  lunch?  You  probably  know  that 
they  do  not.  But  do  you  know  why? 
Do  you  know  why  you  need  to  eat 
certain  foods  every  day? 


Are  All  Foods  the  Same? 


Look  at  this  school  lunchroom.  See  the 
boys  and  girls  eating  here.  Can  you  tell 
which  boys  and  girls  are  eating  a good  lunch?  * 
Why  do  you  think  those  foods  make  up  a 

good  lunch?  / ■■■■'  boy  with  fruit  juice,  soup,  a sandwich,  and 
. /ri.s  ii,e  besi  opporrunify  to  gei  a balanced  diet. 


These  are  some  foods  you  may  like  to 
eat.  Do  you  think  all  of  these  foods  are 
alike  in  any  way?  All  these  foods  have 
nutrients  (NOO-tree-ents)  in  them. 
Nutrients  help  you  to  grow.  They  help 
you  to  have  energy.  There  are  six  kinds 
of  nutrients  that  your  body  needs.  Each 
has  a special  job  to  do. 


pupils  will  be  able  to  tell  how 
well  they  answered  these  ques- 
tions. 

If  any  children  think  that  the  foods 
shown  in  the  picture  are  alike, 
have  them  explain.  It  is  of  great 
importance  in  this  unit  that  chil- 
dren be  encouraged  to  talk  about 
their  ideas  regarding  food.  What 
they  say  will  reveal  the  state  of 
their  understanding,  including  any 
misconceptions  they  may  have. 

"Nutrients"  is  a class  name  for  the 
different  substances  in  foods  that 
the  body  needs.  Write  the  word 
on  the  chalkboard.  Have  children 
pronounce  it  aloud.  Ask  if  they 
have  heard  such  words  as  nourish, 
nutritious,  nourishment,  and  nu- 
tritionist. Some  may  be  able  to  tell 
how  these  words  are  used.  Nour- 
ish means  to  feed  or  furnish  with 
nutrients.  Nutritious  food  is  food 
that  supplies  nutrients.  Nourish- 
ment is  food,  or  that  which  nour- 
ishes. A nutritionist  is  an  expert  on 
questions  dealing  with  selection 
of  proper  foods. 

Background:  Proteins  are  particu- 
larly important  in  our  diets.  Along 
with  water,  our  cells  are  com- 
posed mostly  of  protein.  Cell 
membranes  contain  proteins,  as 
do  the  nuclei  of  cells.  Enzymes, 
substances  produced  by  the  cells 
that  bring  about  the  many  chemi- 
cal reactions  of  cells,  are  proteins. 
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There  are  more  than  a million 
different  kinds  of  proteins,  about 
500  of  which  have  been  identified 
by  chemists.  Some  proteins  have 
the  largest,  most  complicated 
molecules  of  any  known  com- 
pounds. Hemoglobin,  which  car- 
ries oxygen  in  the  blood,  is  one 
such  protein. 

Fat  is  another  nutrient.  When  fats 
are  not  used  immediately  to  sup- 
ply energy,  they  may  be  stored  in 
various  parts  of  the  body.  Fatty 
tissue  under  the  skin  gives  the 
body  a smooth  form.  It  also  serves 
as  an  insulator,  and  thus  protects 
the  body  from  heat  loss. 

Starches  and  different  kinds  of 
sugars  are  carbohydrates.  Cellu- 
lose is  also  a carbohydrate.  The 
cell  walls  of  plants  are  made  up 
mostly  of  cellulose,  and  it  is  this 
that  gives  dead  plants  their  straw- 
like texture.  Plant  cells  manufac- 
ture cellulose  from  the  sugars 
produced  by  green  plants.  Cellu- 
lose cannot  be  digested  by  hu- 
mans, but  it  is  important  to  eat  in 
order  to  maintain  roughage  in  the 
intestines.  Leafy  vegetables  such 
as  lettuce  and  spinach  contain 
cellulose. 

Here  is  a list  of  common  mineral 
nutrients  in  food:  calcium,  chlo- 
rine, cobalt,  copper,  iodine,  iron, 
magnesium,  manganese,  phos- 
phorous, potassium,  sodium,  sul- 


Turkey 


Cheese 


Eggs  Bacon  and 

beans 


One  of  the  nutrients  is  called  protein 
(PRO-tee-in).  You  need  proteins  to  help  you 
grow.  Here  are  some  foods  that  have  much 
protein  in  them.  What  foods  do  you  see? 

Another  nutrient  is  fat.  You  get 
some  of  the  energy  you  need  when  you  eat 
fat.  The  picture  below  shows  foods  that 
have  fat  in  them.  Can  you  name  them? 


Butter 
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Peanuts 


Bacon  and  eggs 


Still  another  nutrient  is  carbohydrate 
(kar-boh-HY-drayt).  This  nutrient  also 
gives  you  energy.  But  your  body  can  digest 
carbohydrates  faster  than  it  can  digest 
fat.  The  foods  in  the  picture  are  rich  in 
carbohydrates.  Can  you  name  them? 

Your  body  needs  three  other  nutrients. 
They  are  minerals,  vitamins,  and  water. 

Minerals  help  you  to  grow  well. 
Vitamins  keep  the  parts  of  your  body 
working  well.  Water  helps  to  digest  food 
and  carry  the  food  and  oxygen  to  your  cells. 
Water  helps  to  carry  wastes  from  your  cells. 


fur,  and  zinc.  Science:  A Key  to 
the  Future,  Book  9 in  the  Macmil- 
lan Science  Series,  has  an  excellent 
table  on  page  491  that  shows  the 
health  effects  of  each  of  the  min- 
eral nutrients  and  the  foods  in 
which  each  is  commonly  found. 

Here  is  a list  of  vitamins  and  some 
of  their  effects  upon  the  body: 

A:  aids  growth  and  vision. 

Bi,  or  thiamin:  prevents  beri-beri. 

B2,  or  riboflavin:  essential  for 
growth,  good  digestion,  and 
healthy  nerves. 

Niacin,  or  nicotinic  acid:  prevents 
pellagra. 

C,  or  ascorbic  acid:  prevents 
scurvy. 

D,  or  calciferol:  prevents  rickets. 
K:  aids  clotting  of  blood. 

Background:  In  the  activity  described 
in  Using  the  Scientist's  Way  on 
page  198,  when  the  iodine  is  add- 
ed to  the  water  alone,  the  water 
will  become  slightly  red-brown  in 
color.  When  added  to  the  water 
containing  the  cornstarch,  a blue- 
black  color  will  develop,  indica- 
ting the  presence  of  starch. 

Other  foods  can  be  tested,  includ- 
ing bread,  cake,  crackers,  cookies, 
flour,  and  breakfast  cereals.  In 
general,  foods  derived  from  grains 
contain  starch.  Children  should 


also  be  encouraged  to  test  other 
foods,  which  nnay  not  contain 
starch. 

Point  out  that  in  this  activity, 
iodine  is  used  as  an  indicator  of 
starch.  Ask  pupils  to  recall  the 
indicator  (limewater)  that  was 
used  in  determining  the  presence 
of  carbon  dioxide. 

O ADDITIONAL  ACTIVITIES: 

Foods  may  be  tested  to  see  if  they 
contain  fats.  Smear  a small  amount 
of  cooking  fat  on  a piece  of  brown 
wrapping  paper  and  hold  the  pa- 
per up  to  the  light.  Fatty  sub- 
stances cause  the  paper  to  be 
more  translucent.  Encourage  chil- 
dren to  test  a wide  variety  of  raw 
and  cooked  foods,  by  wrapping 
bits  of  the  food  in  brown  paper 
to  determine  if  fats  are  present. 
They  may  do  this  at  home  after 
school  and  report  to  the  class  the 
next  day.  Remind  them  to  write 
down  the  name  of  the  tested  food 
near  each  spot  of  grease. 

Ask  children  if  they  can  tell  which 
foods  contain  water.  Most  if  not 
all  foods  do  contain  some  water. 
Children  can  obtain  a small  sam- 
ple of  foods  they  have  listed  and 
let  them  dry  out  in  the  sun.  When 
the  foods  are  dry  they  will  be 
shriveled,  because  they  have  lost 
much  of  their  water. 


Some  foods  have  all  six  nutrients  in 
them.  But  most  foods  have  only  some 
nutrients  in  them.  You  should  eat  many 
different  kinds  of  foods  to  get  all  the 
nutrients  that  you  need. 

Your  body,  like  a machine,  needs  fuel 
to  work.  Foods  are  the  fuel  for  your  body. 


USING  THE  SCIENTIST'S  WAY 

Starch  is  a carbohydrate.  You  can 
use  iodine  to  see  if  a food  has  starch  in 
it.  Iodine  turns  blue-black  when  mixed 
with  starch. 

FiU  two  glasses  with  water.  With  a 
medicine  dropper,  slowly  add  some  iodine 
to  one  glass.  Does  the  water  turn 
blue?  Is  there  any  starch  in  the  water? 

Now  put  some  com  starch  in  the 
other  glass  of  water. 

With  the  medicine  dropper,  slowly 
add  a few  drops  of  iodine  to  this  glass  of 
water.  What  happens?  What  does  this 
show? 

Try  to  see  if  other  foods  have  starch 
in  them.  What  foods  can  you  test? 


What  Foods  Should  You  Eat 
Every  Day? 


(pp.  199-200) 


Food  scientists  say  there  are  four  food 
groups.  You  get  the  nutrients  you  need 
if  you  eat  enough  food  from  each  group 
every  day. 


group 


LESSON;  What  foods  should  you 
eat  every  day? 

Learnings  to  Be  Developed: 

Foods  can  be  classified  in  four 
groups,  based  on  the  nutrients 
that  they  supply  to  the  body. 

For  a good  diet,  some  foods 
should  be  selected  from  each  of 
the  four  groups  every  day. 

Developing  the  Lesson:  Introduce  the 
lesson  by  telling  the  children 
about  the  work  of  a nutritionist. 
She  is  faced  with  a great  variety 
of  foods,  from  which  she  must 
select  those  to  be  used  in  the 
meals  she  plans. 

How  do  you  suppose  a nutrition- 
ist decides  which  foods  to  select, 
when  there  are  so  many  to 
choose  from? 

In  discussing  this  question,  some 
children  might  tell  how  they  think 
their  mothers  go  about  planning 
the  meals  for  the  day.  Explain  to 
them  that  this  lesson  will  help 
them  learn  the  right  way  to  select 
foods. 

Encourage  the  class  to  make  a big 
list  of  all  the  foods  they  can  think 
of.  When  the  list  is  complete,  go 
over  it  item  by  item,  and  ask  chil- 
dren to  place  each  food  in  its 
proper  group.  Children  may  not 


all  agree  on  the  place  of  some 
foods.  Ask  them  how  they  can 
find  an  answer  that  would  be  re- 
liable. Ask  them  to  name  some 
good  sources  for  this  information. 

For  the  activity  in  Using  the  Scien- 
tist's way  on  page  200,  have  each 
child  write  the  list  of  foods  he  ate 
yesterday  on  a sheet  of  paper. 
Since  some  children  will  need 
help  in  remembering  their  meals, 
encourage  them  to  use  the  various 
pictures  of  foods  shown  in  this 
unit  to  help  them  recall.  If  there 
are  children  who  would  be  em- 
barrassed by  listing  the  foods  they 
ate,  have  them  list  the  foods  they 
would  like  to  eat  for  each  of  the 
three  meals. 

List  the  four  food  groups  on  the 
chalkboard  and  give  each  group 
an  identifying  number.  Now  have 
the  children  indicate,  after  each 
food  written  on  their  own  lists, 
the  number  of  the  food  group  to 
which  it  belongs. 

Follow-Up:  A nutrition  guide  may  be 
obtained  from  the  school  nutri- 
tionist, school  nurse,  local  or 
county  public  health  offices,  or 
encyclopedias.  Such  guides  list  the 
nutrient  content  of  a variety-  of 
foods.  Some  children  may  be  en- 
couraged to  choose  several  foods, 
find  out  what  kind  of  nutrients 
they  have,  and  report  to  the  class. 


You  get  proteins  and  fats  from  foods 
in  the  meat  group  and  in  the  milk  group. 
You  get  carbohydrates  from  foods  in  the 
vegetable-fruit  group  and  the  bread-cereal 
group.  And  all  foods  in  the  four  groups 
have  some  vitamins,  minerals,  and  water  in 
them. 


USING  THE  SCIENTIST’S  WAY 
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How  are  all  these  foods  alike? 

All  the  foods  in  the  picture  are  made 
with  sugar.  Sugar  is  a carbohydrate. 

Candy  and  cakes  have  a great  deal  of 
sugar  in  them.  If  you  eat  candy  and  cakes 
before  your  meals,  you  may  not  eat  enough 
of  the  other  foods.  Then  your  body  will 
be  getting  mostly  carbohydrates.  You 
will  not  be  getting  enough  of  the  other 
nutrients. 

If  you  want  to  eat  something  sweet, 
eat  fruits.  Apples  and  oranges  are  fruits. 
Fruits  can  give  you  other  nutrients  as 
well  as  carbohydrates. 

USING  THE  SCIENTIST’S  WAY 


Many  foods  taste  sweet.  Many  foods 
taste  sweet  because  they  have  sugar 
added  to  them.  But  some  foods  taste 
sweet  without  added  sugar.  They 
already  have  sugar  inside  them.  A plum 
already  has  sugar  inside  it.  What  other 
sweet  foods  do  not  have  added  sugar? 


Are  All  Foods  Good  for  You? 


TEACHING  SUGGESTIONS 

(p.  201) 

© LESSON:  Are  all  foods  good  for 
you? 

Background:  The  problem  dealt  with 
here  is  sufficiently  important  to 
devote  an  entire  lesson  to  it.  Den- 
tists claim  that  sugar  is  the  one 
factor  that  accounts  for  most  den- 
tal problems  among  children. 

Learnings  to  Be  Developed:  Too  much 
of  one  food,  such  as  sugar,  may 
not  be  good  for  you. 

Developing  the  Lesson:  Ask  your  pu- 
pils how  many  of  them  have  been 
to  the  dentist  lately.  Have  different 
children  tell  what  the  dentist  did 
to  their  teeth  during  the  last  visit. 
Talk  about  cavities  and  tell  them 
that  this  lesson  will  help  them  to 
understand  what  they  can  do 
about  preventing  them.  When  dis- 
cussing the  practice  of  eating  can- 
dy and  cake  before  meals,  point 
out  that  these  foods  are  not  in 
themselves  unhealthful.  They  do 
contain  nutrients  necessary  for 
energy. 

Other  sweet  fruits,  which  need  no 
sugar  added  to  them,  are  peaches, 
pears,  and  apricots.  Point  out  that 
sugars  found  in  these  fruits  are 
less  likely  to  interfere  with  dental 
health  than  are  those  sugars  that 
are  added  as  sweeteners  to  many 
foods. 


TEACHING  SUGGESTIONS 

(pp.  202-204) 


• LESSON:  Why  do  you  need  vita- 
mins? 

Background:  Many  vitamins  were 
discovered  in  a manner  similar  to 
that  described  here  for  scurvy. 
When  people  became  ill  from 
some  unknown  cause,  everything 
they  do  and  everything  they  eat 
is  examined  as  a possible  clue. 
From  such  evidence  a number  of 
hypotheses  are  proposed,  and 
each  hypothesis  is  tested.  Testing 
may  be  done  in  several  ways.  The 
sick  people  may  be  fed  a particu- 
lar food  that  is  missing  from  their 
diet.  If  they  get  better,  the  lack  of 
that  food  would  seem  to  be  the 
cause  of  the  illness. 

But  what  is  in  that  food?  Chemists 
analyze  it  to  determine  what  sub- 
stances it  contains,  and  each  sub- 
stance is  then  tested.  This  testing 
is  generally  done  by  experiments 
with  white  rats,  of  the  kind  de- 
scribed in  the  lesson.  If  the  experi- 
ments prove  successful,  they  may 
then  be  tried  out  with  humans. 
A case  study  of  one  such  vitamin 
discovery  is  reported  as  a part  of 
the  biography  of  scientist  Joseph 
Goldberger,  on  pages  216  and  217. 

Learnings  to  Be  Developed: 

Through  experimentation  with 
animals,  scientists  have  discovered 
a number  of  different  vitamins. 


Rat  A got 
all  vitamins. 
Rat  B did 
not  get  B,. 


Effects  of 
Vitamin  Bi 
deficiency 
on  Rat  B. 


Rat  B 
recovers 
when  given 
vitamin  S,. 
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Why  Do  You  Need  Vitamins? 


There  are  many  kinds  of  vitamins. 
Scientists  have  done  experiments  to  learn 
more  about  them. 

To  see  what  vitamins  do,  scientists  did 
an  experiment  with  healthy  rats.  The 
scientists  fed  some  rats  foods  with  all  the 
vitamins.  They  fed  other  rats  foods  that 
had  none  of  the  vitamin  called  Bi.  These 
second  rats  got  sick.  Then  the  scientists 
gave  the  sick  rats  foods  with  vitamin  Bi. 
Soon  the  sick  rats  were  well  again. 

Scientists  learned  from  this  and  other 
experiments  that  people  need  many  different 
kinds  of  vitamins  to  stay  healthy. 


Long  ago  many  sailors  got  the  sickness 
called  scurvy.  The  sailors  got  this  sickness 
when  they  went  on  long  ocean  trips. 
Sailors  with  scurvy  had  sore  gums.  Their 
teeth  fell  out.  The  sailors  were  very 
weak.  They  were  too  sick  to  work.  Some 
sailors  even  died  from  scurvy. 

Why  did  so  many  sailors  get  scurvy? 
Scientists  found  out  that  “something”  in 
fruits  stops  people  from  getting  scurvy. 
And  sailors  had  no  fruits  to  eat  on  their 
long  trips.  The  meat  and  bread  that  the 
sailors  ate  gave  them  some  vitamins,  but 
not  the  one  that  stops  scurvy. 

Today  scientists  know  that  each  vitamin 
plays  a part  in  keeping  people  healthy. 


Each  vitamin  meets  a specific  need 
in  the  body. 

A balanced  diet  supplies  the  vita- 
mins we  need. 

Developing  the  Lesson: 

• Why  did  scientists  experiment 
with  rats?  (To  find  out  what  hap- 
pened when  rats  did  not  get 
vitamin  Bi.) 

• Why  did  they  use  two  rats?  (To 
compare  what  happened  to  the 
one  that  did  not  get  Bi  with  what 
happened  to  the  one  that  did.) 

• If  both  rats  had  became  sick, 
what  would  the  experi ment 
show?  (Nothing  with  regard  to 
vitamin  Bi.) 

• How  did  they  check  to  be  cer- 
tain that  it  was  the  lack  of  Bt 
that  made  the  rat  sick?  (They  fed 
the  rat  Bi,  and  it  got  well  again.) 

Ask  children  if  they  understand 
why  scientists  do  experiments  like 
these  with  animals.  Point  out  that 
the  similarities  between  human 
beings  and  other  living  things 
make  it  possible  for  scientists  to 
learn  about  human  health  from 
animal  experiments. 

Some  children  may  refer  to  a list 
of  nutrients  to  help  them  identify 
foods  containing  the  B vitamins. 
In  general,  foods  derived  from 
grains  are  rich  in  these  vitamins. 
Ask  children  to  identify  other  vita- 


mins  found  in  different  kinds  of 
foods. 

Do  not  tell  the  children  that  vita- 
min C is  the  one  associated  with 
scurvy.  When  they  ask,  encourage 
them  to  go  to  a good  source,  such 
as  an  encyclopedia,  and  find  out. 
Compare  the  findings  of  several 
children.  Were  they  the  same? 

Did  anyone  find  another  name 
for  vitamin  C?  (It  is  ascorbic 
acid.) 

If  a trip  to  a food  store  cannot 
be  planned,  children  may  bring  in 
labels  from  cans  of  juice,  meats, 
and  vegetables.  Wrappers  from 
foods,  empty  cartons,  and  bottles 
also  should  contain  information 
regarding  the  nutrients  they  con- 
tain. 

For  this  activity  in  Using  the  Sci- 
entist's Way  on  page  204,  you 
might  find  it  desirable  to  put  the 
vitamin  table  from  page  197  on 
the  chalkboard.  Make  three  col- 
umns. In  the  first  column  put  the 
names  of  the  vitamins.  In  the  sec- 
ond column,  put  the  effects  that 
they  have  on  the  body.  In  the 
third  column,  write  the  name  of 
the  foods  whose  labels  state  that 
the  vitamin  is  present. 

Follow-Up:  Children  may  also  visit  a 
drugstore  to  find  out  which  of  the 
vitamins  listed  in  the  table  can  be 
purchased  in  the  form  of  pills. 


USING  THE  SCIENTIST’S  WAY* 


You  can  find  out  more  about  the 
vitamins  in  foods.  Visit  a food  store. 
Look  at  the  boxes  and  cans  of  foods. 
Look  at  some  milk,  some  orange  juice, 
and  some  raisins.  Can  you  find  the 
names  of  any  vitamins  printed  on  the 
boxes  or  cans  of  these  foods?  Can  you 
find  the  names  of  vitamins  printed  on 
the  boxes  or  cans  of  other  foods? 


MILK 


VITAMI 

D 
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* The  scientist's  way  is  using  good  sources  to  find  answers  to  questions.  Laws  require 
food  processors  to  label  their  products  properly. 


Why  Do  You  Need  Minerals? 


You  need  minerals  so  that  the  parts  of 
your  body  will  grow  well.  Minerals  help 
your  bones  and  teeth  to  grow  well. 

One  mineral  is  called  calcium 
(KAL-see-um).  You  need  calcium  so  that 
your  bones  and  teeth  can  grow  hard  and 
strong.  Milk  has  much  calcium  in  it.  You 
get;  the  calcium  that  you  need  when  you 
drink  enough  milk. 

Touch  your  forehead.  Do  you  feel  the 
hard  bone? 

Touch  your  elbow.  Can  you  feel  the  hard 
bone  there? 

Breathe  in  deeply  and  feel  your  ribs. 
They  are  also  made  of  hard  bone. 

Touch  your  wrist.  Can  you  feel  the 
hard  bone  in  your  wrist? 

Touch  the  front  of  your  leg.  Do  you  feel 
the  hard  bone  in  your  leg? 

Touch  your  teeth.  Are  they  as  hard  as 
your  bones? 

Calcium  keeps  your  bones  and  teeth 
strong. 


Use  a leg  bone  from  the  butcher  shop  to  demonstrate  how  hard  bone  is. 


TEACHING  SUGGESTIONS 

(pp.  205-206) 


® LESSON:  Why  do  you  need- min- 
erals? 

Background:  Mineral  salts  are  found 
in  fruits,  vegetables,  and  milk.  Be- 
sides strengthening  the  teeth  and 
bones,  minerals  aid  the  function- 
ing of  the  muscles  and  nerves. 
One  mineral,  iron,  is  an  important 
part  of  the  hemoglobin  of  the 
blood,  which  carries  oxygen  to 
cells  in  the  body. 

Learnings  to  Be  Developed:  Minerals 
make  bones  and  teeth  hard. 

Developing  the  Lesson:  Introduce  this 
lesson  by  having  children  feel 
their  ears.  Have  them  feel  the  stiff 
part  of  the  ear. 

How  does  it  feel  different  from 
the  lobe? 

Can  you  bend  the  stiff  part  of 
the  ear? 

When  you  bend  it  down,  what 
happens  after  you  release  it? 

What  kind  of  the  material  is  the 
stiff  part  of  the  ear? 

Is  it  bone? 

The  stiff  part  of  the  ear  is  carti- 
lage, a translucent  elastic  tissue. 
Children  can  find  some  samples  of 
cartilage  around  the  joints  of 
chicken  bones.  Ask  children  to 
look  for  cartilage  the  next  time 


they  have  chicken  for  a meal,  and 
have  them  bring  it  to  class  for 
others  to  examine.  Compare  cart- 
ilage to  bone.  Although  cartilage 
is  very  tough,  it  is  not  hard,  like 
bone.  The  skeletons  of  human 
embryos  and  very  young  babies 
are  largely  composed  of  cartilage, 
which  later  develops  into  hard 
bone,  primarily  by  the  deposition 
of  the  minerals  calcium  and  phos- 
phorus. 

Can  you  bend  a finger  bone? 

Fingers  can  be  bent  at  joints,  but 
the  bone  itself  cannot  be  bent 
without  breaking.  Bones  break 
because  they  do  not  have  the 
elastic  flexibility  of  cartilage. 

For  the  chicken  bone  activity  on 
page  206,  choose  verv  fine  breast 
bones.  Prepare  two  containers, 
one  for  the  vinegar  and  another 
with  plain  water.  Place  some 
bones  in  the  water.  The  bones 
should  not  be  disturbed  during 
the  experiment.  After  a week,  re- 
move the  bones  from  each  con- 
tainer. Keeping  them  separate, 
wash  all  bones  in  running  water. 
Children  can  then  observe  and 
discuss  what  happened  to  the 
bones  in  each  container. 

Discuss  the  reasons  for  using  the 
two  containers.  Point  out  that  the 
bones  in  the  plain  water  may  be 
considered  the  "control”  in  this 
experiment. 


You  can  see  what  happens  to  a bone 
that  has  lost  its  calcium. 

Feel  a chicken  bone.  Put  it  in  a jar. 
Pour  vinegar  over  the  bone  to  cover  it. 

After  about  a week,  the  vinegar  will 
have  taken  the  calcium  out  of  the  bone. 
Wash  the  bone  with  water.  What  does 
the  bone  feel  like  now?  Is  the  bone 
strong  and  hard?  How  would  your  bones 
and  teeth  feel  if  they  did  not  have 
calcimn  in  them?  What  would  happen? 
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Why  Do  You  Need  Water? 


Your  body  needs  water  for  many  things. 
Without  water,  you  could  not  stay  healthy. 
Without  water,  you  could  not  live  for  more 
than  a few  days. 

Many  parts  of  your  body  have  liquids 
in  them.  These  liquids  have  a great  deal 
of  water  in  them. 

Your  saliva  is  a liquid.  A large  part  of 
your  saliva  is  water.  Your  saliva  helps 
to  wet  and  digest  the  food  that  you  eat. 

There  are  also  liquids  in  your  stomach 
and  intestines.  The  liquids  in  your  stomach 
and  intestines  have  much  water  in  them. 
These  liquids  also  help  you  digest  the  food 
that  you  eat. 

You  know  that  your  blood  is  a liquid. 
Your  blood  has  a great  deal  of  water  in 
it.  Water  is  what  makes  your  blood  a 
liquid.  A liquid  flows.  If  your  blood 
were  not  a liquid,  it  could  not  carry  food 
and  oxygen  to  your  cells.  If  your  blood 
were  not  a liquid,  it  could  not  carry  wastes 
away  from  your  cells. 


TEACHING  SUGGESTIONS 
(pp.  207-209) 


©LESSON:  Why  do  you  need 
water? 

Background:  Whole  blood  is  made 
up  of  two  parts:  the  solid  ele- 
ments and  the  liquid  part,  called 
plasma.  The  plasma  of  the  blood 
amounts  to  55  per  cent,  and  the 
solid  elements  45  per  cent,  of  the 
blood.  Over  90  per  cent  of  the 
plasma  is  water.  Plasma  also  con- 
tains blood  proteins,  minerals, 
nutritive  materials,  and  waste  ma- 
terials. The  solid  elements  include 
red  cells,  which  carry  oxygen, 
white  cells,  which  destroy  harmful 
organisms,  and  platelets,  which 
play  a prominent  role  in  blood 
clotting. 

Note  the  statement  on  page  208: 
“Because  your  blood  is  liquid, 
your  blood  passes  through  the  cell 
membrane."  This  does  not  mean 
that  whole  blood  leaves  the  blood 
vessels  and  enters  cells  through 
their  membranes.  It  is  only  the 
water  in  the  liquid  portion  (plas- 
ma) that  carries  nutrients  and  oxy- 
gen to  the  cells.  In  the  blood, 
oxygen  is  carried  by  the  red  cells. 
However,  some  of  it  is  released 
along  the  way  and  is  picked  up 
by  the  liquid  in  the  blood  and 
then  transported  to  the  cells. 


Learnings  to  Be  Developed: 

All  life  processes  take  place  in 
water. 

Without  water  there  could  be  no 
life. 

Developing  the  Lesson:  After  childen 
read  the  material  in  this  les- 
son, discuss  the  ways  in  which  the 
body  uses  water.  Remind  them 
that  about  80  per  cent  of  the  body 
is  made  up  of  water,  and  that 
water  is  the  medium  in  which  all 
materials  are  transported  through- 
out the  body.  Recall  that  foods 
must  be  dissolved  in  water  before 
they  can  enter  the  cells,  and 
wastes  from  cells  are  carried  away 
in  water.  Explain  that  the  environ- 
ment of  body  cells  is  a watery 
environment  (lymph),  and  that 
water  regulates  the  temperature  of 
the  cells. 

All  the  life  processes  of  cells  — 
getting  food  and  oxygen,  elimina- 
ting wastes,  and  regulating  the 
temperature  — take  place  in  water. 
Now  ask  the  children  whether  any 
life  can  take  place  without  water. 
Point  out  to  them  that  when  space 
scientists  try  to  determine  if  there 
are  living  things  on  another  pla- 
net, one  of  the  first  questions  they 
ask  is  whether  there  may  be  water 
on  the  planet.  If  they  can  find  no 
evidence  of  water,  then  they  are 
doubtful  about  the  presence  of 
living  things. 


c 
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USING  THE  SCIENTIST’S  WAY 


Without  water,  food  could  not  get  into 
your  cells.  There  is  a great  deal  of  water  in 
your  blood.  Your  blood  is  a liquid.  Because 
your  blood  is  a liquid,  it  is  able  to  carry  nutri- 
ents. These  nutrients  pass  out  of  the  blood 
into  spaces  between  the  cells  that  are  filled 
with  other  liquids.  These  liquids  carry  the 
nutrients  to  your  cells.  The  nutrients  pass 
through  the  cell  membranes  into  the  cells. 

You  can  see  that  nutrients  will  not  pass 
into  a cell  without  water.  Fill  a glass  half- 
way with  water.  Then  put  a straw  in  the 
glass. 

Loosely  cover  the  top  of  the  glass  with  a 

paper  towel,  as  in  the  picture. 

- The  scientist’s  way  is  testing  ideas  under  controlled 
conditions. 


Let  the  straw  stick  out  through  the 
towel.  Be  careful  not  to  tear  any  other 
holes  in  the  towel. 

Make  believe  that  the  towel  is  a cell 
membrane  and  the  water  in  the  glass  is 
the  inside  of  a cell. 

Put  a tablespoon  of  sugar  on  the 
towel.  Do  not  let  any  sugar  fall  into 
the  water. 

Sip  a little  water  through  the  straw. 
Does  the  water  taste  sweet? 

Now  carefully  put  some  drops  of  water 
on  the  sugar.  Use  enough  water  to  make 
many  drops  go  through  the  towel  into  the 
glass. 

Again,  sip  a little  water  through  the 
straw.  Does  the  water  taste  sweet  now? 
What  does  this  tell  you? 

Sugar  must  be  dissolved  in  water  before  it  will  go  through 
the  paper  towel— a membrane. 


Background:  The  process  of  osmosis 
is  found  universally  in  living 
things.  For  osmosis  to  occur,  two 
conditions  are  essential:  the  pres- 
ence of  two  liquids,  one  of  which 
contains  more  dissolved  material 
than  the  other,  and  a semipermea- 
able  membrane  separating  the  two 
liquids,  across  which  water  and 
dissolved  materials  can  flow  at 
different  rates. 

Before  you  begin  the  activity  on 
pages  208-209,  which  demon- 
strates osmosis,  it  is  important  to 
establish  two  ideas;  that  sugar 
dissolves  in  water  and  that  water 
will  seep  through  paper  towels. 
Ask  children  what  happens  to 
sugar  when  it  is  put  into  water. 
It  disappears  from  sight,  but  you 
can  tell  that  it  is  still  there  by 
tasting  the  water.  Demonstrate 
these  facts  by  dissolving  sugar  in 
water  and  having  children  taste 
the  solution. 

To  establish  the  second  point, 
shape  a paper  towel  into  a cone, 
open  at  the  top  and  closed  at  the 
bottom,  like  an  ice  cream  cone. 
Hold  the  cone  over  an  empty  glass 
so  that  the  end  of  it  does  not 
touch  the  bottom  of  the  glass. 
Now  pour  water  into  the  open 
end  of  the  cone.  Children  will 
observe  that  water  slowly  seeps 
through  the  towel  into  the  glass. 
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Food  For  All 


TEACHING  SUGGESTIONS 

(p.  210) 

# LESSON:  Is  there  enough  food? 
Learnings  to  Be  Developed: 

There  are  many  people  in  the 
world  who  are  not  getting  enough 
food. 

As  the  number  of  people  on  the 
earth  increases,  the  need  for  more 
food  becomes  greater. 

Developing  the  Lesson:  This  lesson 
might  be  introduced  by  impres- 
sing children  with  the  amount  of 
food  we  waste.  Have  them  ob- 
serve the  amount  of  food  left  on 
plates  after  lunch  in  the  cafeteria. 
Raise  the  question  of  why  we 
should  be  concerned  about  the 
amount  of  food  we  waste.  Have 
children  list  as  many  reasons  as 
they  can. 

'■  Why  is  the  number  of  people  on 
the  earth  increasing  so  rapidly? 
(In  the  past,  more  people,  espe- 
cially babies,  died  of  diseases 
that  scientists  have  now  learned 
how  to  control.) 

® Upon  what  do  all  living  things 
depend  for  food?  (Green  plants.) 

■-^What,  then,  would  seem  to  be 
our  problem?  (Finding  ways  to 
grow  more  and  better  food 
plants.) 


You  have  learned  that  people  need 
food  to  live.  You  also  have  learned  that 
you  must  eat  enough  of  certain  kinds  of 
foods  to  be  healthy.  Is  there  enough  food 
for  everyone  on  earth?  Is  there  enough 
of  all  kinds  of  foods  for  everyone  on  earth? 

There  are  more  than  three  billion 
people  on  earth  today.  Next  year  there 
will  be  many  more  people  than  this  year. 
The  number  of  people  on  earth  will  keep 
growing  every  year.  How  will  all  these 
people  get  enough  of  the  right  kinds  of 
foods  to  eat?  Where  will  their  food  come 
from? 

Today  most  people  in  the  United  States 
can  get  enough  of  the  right  kinds  of 
foods.  But  as  more  and  more  people  are 
born  in  this  country,  more  food  will  be 
needed.  In  most  countries  more  food  is 
needed  right  now. 

What  is  being  done  now  to  get  more 
food?  What  plans  have  been  made  for 
new  ways  to  do  this? 
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Although  most  pec-ie  ^ ths  U.S.  get  enough  food,  there  are  many  who  do  not  get 
a balanced  ...e: 


As  you  know,  water  is  one  of  the  six 
nutrients.  People  must  have  fresh  water 
to  drink.  People  must  have  water  to  grow 
plants.  There  is  not  enough  water  in 
many  places  for  all  man’s  needs.  How 
can  the  people  on  earth  get  more  fresh 
water?  One  way  is  to  keep  the  water 
in  rivers  and  streams  clean  by  not  dumping 
wastes  into  them.  A second  way  is  to 
plant  forests  and  let  them  grow.  The 
roots  of  the  trees  in  the  forests  hold  much 
fresh  rain  water  in  the  soil.  Why  is 
this  important?  A third  way  is  to  change 
some  of  the  salt  water  in  the  sea  into 
fresh  water.  Scientists  are  trying  these 
and  other  ways  to  get  more  fresh  water. 

A plant  to  change  salt  '\'ater  to  fresh  . / o 


TEACHBNG  SUGGESTIONS 

(p.211) 


• LESSON:  How  can  we  get  more 
water? 

Learnings  to  Be  Developed: 

As  the  number  of  people  on  the 
earth  increases,  our  need  for  wa- 
ter increases. 

Some  places  do  not  have  enough 
water. 

Ways  are  being  developed  to  in- 
crease our  water  supply. 

I Developing  the  Lesson:  Review  brief- 
ly children's  ideas  about  why 
water  is  the  most  precious  sub- 
stance on  earth. 

Discuss  the  source  of  your  local 
water  supply. 

i Follow-Up:  Children  can  see  how 
i fresh  water  is  recovered  from  sea 
I water  by  evaporation.  Put  1 table- 
j‘  spoon  of  salt  and  1 cup  of  water 
into  an  enamel  or  stainless  steel 
jl  saucepan.  Dissolve  as  much  salt 
as  possible.  Let  one  or  two  chil- 
dren  taste  a drop  of  the  water. 
Place  the  pan  on  a source  of  heat 
■i  and  bring  the  salt  water  to  a boil. 

; Cover  the  pan  with  a cool  plate. 
•;  In  a minute  or  two  remove  the 
i cover  plate  and  turn  it  upside 
down.  Let  some  children  taste  the 
! water  accumulated  on  the  cover. 
This  condensed  water  vapor  will 
be  fresh  water. 


TEACHING  SUGGESTIONS 

(pp.  212-215) 

• LESSON:  How  Can  we  produce 
more  food? 

Learnings  to  Be  Developed: 

More  food  can  be  produced  by 
using  modern  farm  machinery. 

More  food  can  be  produced  by 
supplying  desert  land  with  water. 

More  food  can  be  produced  by 
increasing  minerals  in  the  soil. 

Developing  the  Lesson:  Introduce  the 
lesson  by  asking  what  plants  need 
in  order  to  grow.  Responses 
should  include  water,  sunlight, 
good  soil,  and  suitable  tempera- 
tures. 


What  is  being  done  to  get  enough 
of  all  kinds  of  foods  for  all  the  people? 
Many  people  do  not  have  enough  food 
because  the  land  on  which  food  grows  is 
not  being  used  in  the  best  ways.  People 
in  many  places  still  have  no  machines  to 
help  them  farm.  The  farmer  in  the  first 
picture  below  does  not  have  tools  to  farm 
the  land  quickly  and  well.  The  farmer 
in  the  next  picture  is  using  a tractor. 
With  a tractor  and  other  machines,  he 
can  farm  more  land  than  he  could  without 
machines. 


Ask  pupils  which  of  these  they 
would  try  to  improve  in  order  to 
increase  the  amount  of  plants 
growing  on  the  earth.  Discussion 
will  reveal  that  the  only  two  which 
can  really  be  altered  are  water  and 
soil.  Both  temperature  and  light 
are  controlled  in  greenhouses,  but 
greenhouses  can  add  little  to  the 
overall  food  supply.  Now  discuss 
all  the  things  that  need  to  be  done 
in  the  growing  of  crop  plants, 
from  planting  to  harvest.  Include 
clearing  the  land,  plowing  it,  lev- 
eling it,  planting  the  seeds,  weed- 
ing and  cultivating,  and  cutting  or 
digging  the  crops.  Remind  chil- 
dren that  energy  is  necessary  to 


Some  people  do  not  have  enough  food 
because  the  land  is  too  dry.  Scientists 
are  finding  ways  to  bring  water  to  dry 
land  so  food  can  be  grown  on  it.  In  the 
picture  above,  you  can  see  a farmer 
working  land  that  used  to  be  dry.  The 
land  is  now  watered. 

Some  land  needs  more  minerals  than  it 
now  has,  for  food  to  grow  on  it.  People  are 
learning  what  minerals  to  add  to  the  soil 
and  how  to  add  them. 

Where  did  the  water  come  from?  (Wells  or  melting  mountain  snow.) 


do  all  this  work.  Refer  to  the  pic- 
tures on  the  page  and  ask  where 
the  energy  comes  from  in  each 
case.  Help  them  see  the  difference 
between  energy  used  by  the  draft 
animal  and  that  used  by  the  trac- 
tor. In  the  first  instance,  the  en- 
ergy of  the  animal  is  derived  from 
plants;  in  the  second  example, 
energy  is  derived  from  a refined 
fuel.  Make  the  point  here,  how- 
ever, that  even  fossil  fuels,  such  as 
coal  or  oil,  originally  obtained  and 
stored  energy  from  sunlight. 

Obtain  pictures  of  irrigation  ar- 
rangements in  various  parts  of  the 
world.  Most  children's  reference 
books  contain  such  pictures.  Oth- 
er useful  sources  would  be  issues 
of  National  Geographic  Magazine, 
state  or  federal  bulletins  related 
to  land  reclamation  and  conserva- 
tion, and  information  obtained 
from  the  county  agent  of  the  U.S. 
Department  of  Agriculture. 

By  way  of  introducing  the  need  to 
supply  the  soil  with  minerals,  have 
children  recall  the  importance  of 
mineral  elements  in  the  foods  they 
eat.  Point  out  that  plants  must  also 
have  certain  minerals  in  order  to 
grow  properly.  In  fact,  the  min- 
erals that  we  obtain  from  our  food 
originally  came  from  the  soil. 

When  commercial  fertilizers  are 
put  on  lawns  or  gardens,  minerals 
are  being  added  to  the  soil.  Lime, 
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nitrates,  and  phosphates  are  min- 
erals commonly  put  into  the  soil 
through  the  use  of  fertilizers. 

Background:  An  indication  of  how 
little  we  utilize  the  resources  of 
the  ocean  is  the  fact  that  although 
more  than  25,000  different  kinds 
of  fish  have  been  identified,  not 
more  than  2 per  cent  of  them  are 
used  for  food.  Furthermore,  fish 
constitute  only  a very  small  part 
of  the  animal  life  of  the  ocean. 
Nearly  90  per  cent  of  this  life  is 
made  up  of  invertebrates,  such  as 
sponges,  jellyfish,  sea  cucumbers, 
oysters,  clams,  lobsters,  and 
shrimp  — only  a few  of  which  are 
presently  eaten  by  man.  Also  liv- 
ing in  the  ocean,  and  only  eaten 
by  small  numbers  of  people,  are 
the  reptiles,  such  as  sea  snakes 
and  turtles,  and  the  sea  mam- 
mals, including  whales,  dolphins, 
seals,  walruses,  and  otters. 

Many  scientists  believe,  therefore, 
that  the  ocean  represents  an  abun- 
dant source  of  food,  if  we  can 
find  practical  methods  of  using  it. 

Two  special  agencies  of  the 
United  Nations  are  at  work  help- 
ing the  world's  hungry  people: 
the  Food  and  Agriculture  Organ- 
ization, referred  to  in  the  text, 
and  the  world  Health  Organiza- 
tion. FAO  and  WHO  approach 
the  problem  of  world  hunger 
through  scientific  farming. 


Many  people  in  the  world  cannot  get 
enough  of  the  nutrient  called  protein. 
Fish  and  other  living  things  in  the  sea 
have  much  protein  in  them.  Scientists 
are  finding  ways  to  get  and  use  more  food 
from  the  sea.  In  the  picture  above,  you 
can  see  machines  being  used  to  unload  fish. 
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A group  that  is  teaching  people  these 
and  other  ways  to  get  more  food  and  fresh 
water  is  the  Food  and  Agriculture 
Organization  of  the  United  Nations.  This 
group  helps  people  of  all  countries.  It 
teaches  people  what  to  do  and  helps  them 
to  get  what  they  need  to  do  things  to  get 
more  food. 

USING  THESCIENTISi’S 

You  can  find  out  about  the  work 
of  the  Food  and  Agriculture  Organization. 

You  can  find  out  by  looking  in  books 
from  the  library  and  by  writing  to  the 
United  Nations. 

When  you  do  this,  you  will  learn 
more  about  why  some  people  do  not  have 
enough  of  the  right  kinds  of  foods. 

You  will  learn  more  about  what  people 
in  other  countries  eat  and  why  they  eat 
this  way.  Your  class  can  make  an 
exhibit  called  “How  the  Food  and 
Agriculture  Organization  Helps  People 
Get  More  Food.”  Your  exhibit  can  be 
about  four  or  five  countries. 

Reading  good  sources  for  information  is  using  the  scieniist's  v/a;' 


U i'i  ; T 


Through  the  use  of  better  seeds, 
they  try  to  increase  crop  yield. 
They  study  the  development  of 
fertilizers,  the  control  of  erosion, 
and  the  use  of  irrigation.  They  set 
up  agricultural  experiment  stations 
to  discover  the  best  crops  to  grow 
in  a particular  climate  and  soil. 
For  the  Far  East,  they  developed  a 
new  kind  of  rice;  for  the  Near 
East,  new  varieties  of  wheat  and 
barley.  They  have  introduced  a 
new  kind  of  corn  into  the  Medi- 
terranean regions. 

The  citrus  industry  of  Tripoli  has 
been  developed  to  the  point 
where  it  has  a surplus  to  export 
to  Europe.  In  Libya,  the  ancient 
olive  industry  has  been  revived, 
and  the  output  of  dates  has  been 
stepped  up  for  use  in  school 
lunches. 

The  FAO  has  supplied  ploughs  to 
farmers  who  had  never  used  even 
the  simplest  kind. 

Agricultural  pests,  which  know  no 
national  boundaries,  are  also  be- 
ing fought  by  the  EAO.  Most  dra- 
matic of  its  campaigns  is  that 
against  the  locusts,  which  for  cen- 
turies have  stripped  the  Middle 
East  of  its  crops  and  caused  wide- 
spread famine.  As  a result  of  the 
work  of  the  FAO  in  spreading 
insecticides  by  air,  the  damage 
done  by  locusts  in  recent  years 
has  been  very  slight. 


TEACHING  SUGGESTIONS 

(pp.  216-217) 

LESSON:  Why  is  Joseph  Goldber- 
ger  a pathfinder  in  science? 

Learnings  to  Be  Developed: 

Unless  scientists  are  open  minded, 
they  may  miss  the  opportunity  to 
make  important  discoveries. 

Analytical  observations  often  lead 
to  fruitful  hypotheses. 

Through  experimentation,  the  hy- 
pothesis that  pellagra  is  caused 
by  a lack  of  the  vitamin  niacin 
was  proved. 

Developing  the  Lesson:  Have  children 
recall  the  six  nutrients  essential 
for  health.  Write  them  on  the 
chalkboard  and  ask  which  one  is 
most  important.  Help  children 
understand  that  this  is  a question 
that  cannot  be  answered.  All  the 
nutrients  are  essential.  Each  one 
performs  a necessary  function  in 
the  body.  Review  the  effects  of 
vitamin  deficiencies  as  given  on 
page  197. 

•Why  was  the  US.  Public  Health 
Service  so  concerned  about  pel- 
lagra? (Because  thousands  of 
people  were  dying  from  it.) 

•Why  do  you  suppose  some  sci- 
entists believed  that  it  was 
caused  by  germs?  (This  was  a 
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PATHFINDERS  IN  SCIENCE 


Joseph  Goldberger 

(1874-1929)  UNITED  STATES 


In  1914,  Dr.  Joseph  Goldberger, 
of  the  United  States  Public  Health 
Service,  was  given  the  job  of 
finding  the  cause  of  a disease  that 
was  taking  thousands  of  lives  every 
year.  This  disease  was  called 
pellagra  (puh-LAY-gruh). 

For  many  years,  scientists  had 
not  been  able  to  find  the  cause  of 
pellagra.  Some  scientists  thought 
this  disease  was  caused  by  a germ. 
They  believed  this  because  many 
people  with  pellagra  had  a skin 
rash. 

Rather  than  just  guess  at  the 
cause  of  pellagra.  Dr.  Goldberger 
set  about  finding  out  its  cause. 
He  visited  hospitals,  orphanages, 
and  prisons,  places  where  there 
were  many  cases  of  pellagra.  In 
the  hospitals,  he  found  that  the 
doctors,  nurses,  and  attendants 
never  got  pellagra.  If  pellagra 


were  caused  by  a germ,  it  would 
seem  that  the  doctors,  nurses,  and 
attendants  would  catch  it. 

Dr.  Goldberger  also  noticed 
something  else.  He  noticed 
that  at  mealtime  the  doctors, 
nurses,  and  attendants  got  the 
best  cuts  of  meat.  They  also  got 
milk  to  drink.  The  patients  did  not 
get  milk  or  good  cuts  of  meat. 
Dr.  Goldberger  decided  to  see  if  the 
cause  of  pellagra  had  something  to 
do  with  food. 

Dr.  Goldberger  was  on  the  right 
track.  At  an  orphanage  he  learned 
that  only  children  between  the  ages 
of  six  and  twelve  got  pellagra. 
Why?  These  children  were  not 
given  milk  or  meat.  To  test  his 
idea  that  something  missing  from 
the  diet  causes  pellagra.  Dr. 
Goldberger  gave  the  children  milk 
and  fresh  meat.  A year  later, 
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there  was  not  one  case  of  pellagra 
in  the  orphanage. 

But  many  scientists  still 
believed  that  pellagra  was  caused 
by  a germ.  Dr.  Goldberger  did 
more  experiments.  He  put  twelve 
volunteers  on  a diet  that  had  no 
fresh  greens,  meat,  or  milk. 
They  all  developed  pellagra.  To 
get  more  evidence,  Dr.  Goldberger 
injected  himself  and  five  other 
people  with  blood  from  a woman 
sick  with  pellagra.  Not  one  person 
got  the  disease. 

Dr.  Goldberger  had  proved 
again  and  again  that  a lack  of 
certain  foods,  not  a germ,  causes 
pellagra.  Sometimes  It  takes  many 
years  to  prove  an  idea.  And  then 
it  may  take  many  more  years  to 
prove  to  other  scientists  that  the 
idea  is  correct.  This  is  all  part  of 
being  a scientist. 


Expenmenfal'on 


time  right  after  the  discoveries  of 
the  germ  nature  of  a number  of 
diseases.  Relatively  few  diseases 
had  yet  been  associated  with 
diet  deficiencies.  We  tend  to 
hypothesize  in  terms  of  what  we 
know.) 

Where  did  Dr.  Goldberger  go  to 
carry  on  his  investigations?  (Hos- 
pitals and  orphanages  where 
people  had  the  disease.) 

Why  didn't  he  believe  that  the 
disease  was  caused  by  germs? 
(Because  doctors  and  nurses 
never  got  the  disease  even 
though  they  were  always  near 
people  who  had  it.) 

What  made  him  think  the  cause 
had  to  do  with  food?  (Patients 
ate  different  foods  from  those 
the  doctors  and  nurses  ate.) 

How  did  he  conduct  his  experi- 
ments? (He  fed  the  sick  people 
milk  and  meat,  and  they  got 
well.  He  took  milk  and  meat 
away  from  the  volunteers,  and 
they  got  pellagra.  He  injected 
blood  from  sick  people  into  his 
body  to  prove  that  it  was  not  a 
germ  disease.) 

How  was  Dr.  Coldberger's  dis- 
covery like  those  of  Michael 
Faraday  and  William  Harvey? 
(They  all  proved  their  hypothe- 
ses by  experimentation.) 
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TEACHING  SUGGESTIONS 

(pp.  218-219) 


Background: 

1.  Nutritionists  are  one  kind  of 
food  scientist.  Hospitals  employ 
nutritionists  to  plan  diets  for  pa- 
tients. As  a part  of  their  therapy, 
some  hospital  patients  are  put  on 
restricted  diets,  and  nutritionists 
are  especially  helpful  in  selecting 
foods  for  such  patients. 

In  some  schools,  nutritionists  are 
employed  to  supervise  the  selec- 
tion and  preparation  of  food  in 
the  school  cafeteria. 

Companies  that  manufacture  or 
process  food  often  employ  nutri- 
tionists to  make  certain  that  the 
processed  foods  are  up  to  stand- 
ard. If  there  is  a hospital  or  food 
processing  plant  near  your  school, 
you  may  be  able  to  find  a nutri- 
tionist who  will  talk  to  your  class,  t 
Be  sure  to  tell  her  specifically 
what  you  want  her  to  talk  about. 

A talk  about  some  specific  type  of 
nutrient,  such  as  minerals  or  vita- 
mins, would  be  more  valuable 
than  a general  talk  about  food. 
Inform  her  of  the  age  of  your  pu- 
pils, what  they  have  been  studying 
about  foods,  and  how  long  she 
should  talk  (probably  not  more 


Using  What  You  Have  Learned 


1.  You  may  want  to  invite  a food 
scientist  to  talk  to  your  class.  There  are 
food  scientists  in  many  universities.  You 
might  ask  your  librarian  to  help  you  find 
out  if  there  are  any  food  scientists  who 
work  near  your  school. 

Before  you  invite  the  food  scientist  to 
your  class,  write  some  good  questions  about 
food.  You  can  ask  the  questions  after  the 


2.  Your  class  might  visit  a food  market 
or  a farm.  Try  to  find  out  what  happens 
to  food  after  it  is  grown.  Try  to  find 
out  how  food  is  sent  to  the  food  store. 

3.  You  can  start  a vegetable  garden. 
Use  books  from  the  library  to  find  out 
how  to  grow  vegetables.  You  can  also 
learn  how  to  grow  vegetables  by  asking 
the  people  at  a garden  store. 

4.  Write  the  names  of  ten  foods,  such  as 
cream  cheese,  whole-wheat  bread,  and  green 
beans.  Try  to  find  out  which  nutrients 
you  get  from  these  foods.  Use  good  sources 
to  find  out.  You  can  also  look  again  at 
pages  196-197. 


than  20  minutes).  If  possible,  have 
a committee  from  your  class  meet 
with  the  nutritionist  in  advance  to 
tell  her  what  they  have  been 
studying. 

2.  Neither  urban  nor  rural  chil- 
dren are  likely  to  understand  the 
complexity  of  food  distribution 
from  producer  to  market.  If  pos- 
sible, arrange  a trip  to  a large  food 
warehouse  where  food  is  proc- 
essed. The  children  will  be  able 
to  see  how  eggs,  meats,  cheeses, 
fruits,  and  vegetables  are  proc- 
essed, packaged,  and  handled. 
Thus  they  will  learn  how  large 
volumes  of  food  are  distributed 
to  the  markets  near  their  homes 
and  will  come  to  understand  how 
vital  transportation  is  to  the  food 
supply  of  any  community. 

3.  If  your  children  grow  a garden, 
start  out  modestly  with  such 
things  as  radishes,  corn,  and 
beans.  These  seeds  are  large  and 
comparatively  easy  to  handle.  Do 
not  undertake  this  project  unless 
you  can  find  a plot  where  the 
garden  will  get  sunlight  all  day, 
and  unless  you  have  a convenient 
means  of  watering  it.  Otherwise, 
children  will  become  disillusioned 
and  discouraged. 


.caching  suggestions 

(pp.  220-221) 


Background:  These  two  pages  con- 
stitute a review  of  the  concepts 
and  terminology  introduced  in 
this  unit. 

what  You  Have  Learned:  This  is  a Sum- 
mary of  the  entire  unit,  with  new 
words  in  boldface  type. 

Checklist  of  Science  Words:  Remind 
the  pupils  that  there  is  a Diction- 
ary of  Science  Words  on  pages 
227-234.  They  should  consult  this 
dictionary  whenever  they  are  un- 
sure of  the  precise  meaning  of  a 
word. 


WHAT  YOU  KNOW  ABOUT 


Food  -t  jr  i 


What  You  Have  Learned 

All  foods  have  nutrients,  which  help  you  grow, 
help  your  body  work  well,  and  give  you  energy.  The 
six  nutrients  are  proteins,  fats,  carbohydrates, 
minerals,  vitamins,  and  water.  You  get  the 
nutrients  you  need  when  you  eat  enough  foods  from 
each  of  the  four  food  groups  every  day. 

Food  must  be  found  for  all  the  people  on  the  earth. 
Scientists  are  helping  people  to  get  more  of  the  right 
kinds  of  foods.  The  Food  and  Agriculture  Organization 
of  the  United  Nations  is  working  with  scientists  and 
other  people  to  find  ways  to  grow  more  and  better 
food. 

Checklist  of  Science  Words 

Here  are  some  science  words  you  read  about  in  this 
unit.  Can  you  tell  what  you  have  learned  about 


L one? 

calcium 

fat 

pellagra 

vitamin 

carbohydrate 

mineral 

protein 

water 

chemical 

nutrients 

starch 

Food  Groups 

Write  the  names  of  the  four  food  groups  on  a page 
in  your  notebook.  List  each  food  in  its  own  food 
group. 


fish 

butter 

cooky 

tomato 

cheese 

steak 

banana 

spaghetti 

oatmeal 

grapefruit 

milk 

egg 

lettuce 

pancake 

chicken 

ice  cream 

orange 

potato 

hamburger 

lemon 

Using  Science  Words 

Number  a page  in  your  notebook  from  1 to  4. 
Fill  in  the  right  word  for  each  sentence. 

carbohydrate  mineral  protein  water 

1.  There  is  much  ? in  foods  such  as  cheese 
and  meat. 

2.  The  nutrient  ? helps  to  give  your  body 

the  energy  you  need. 

3.  Calcium  is  a ? that  helps  parts  of  your 

body  to  grow  well. 

4.  The  nutrient  ? helps  digest  food  and 
make  up  your  blood. 


Food  Groups: 

Meat  group;  fish,  steak,  chicken, 
hamburger,  egg 

Milk  group:  cheese,  butter,  milk, 
ice  cream 

Vegetable-fruit  group:  lettuce, 
orange,  grapefruit,  pototo,  ba- 
nana, tomato,  lemon 
Bread-cereal  group:  oatmeal,  pan- 
cake, cooky,  spaghetti 

Using  Science  Words: 

1.  protein 

2.  carbohydrate 

3.  mineral 

4.  water 
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TEACHING  SUGGESTIONS 

(pp.  222-223) 


YOU  CAN  LEARN  MORE  ABOUT 


Food  for  Life 


Background:  These  pages  reinforce 
the  concepts  presented  in  the  unit 
by  suggesting  activities  that  extend 
the  pupil's  ability  to  apply  the 
learnings  derived  from  the  unit. 

Test  for  Vitamin  C:  Before  you  Un- 
dertake the  test  for  vitamin  C, 
have  children  recall  other  in- 
dicators with  which  they  have 
worked:  limewater  for  carbon  di- 
oxide and  iodine  for  starch.  Tell 
them  that  in  this  activity  they  are 
going  to  use  an  indicator  for  vita- 
min C.  Discuss  why  it  is  important 
to  tell  if  foods  have  vitamin  C. 

When  liquid  containing  vitamin 
C is  added  to  the  starch  and 
iodine  in  water,  the  blue-black 
color  will  gradually  fade;  in  time 
the  starch  water  will  become  col- 
orless. 


Test  for  Vitamin  C 

You  can  find  out  what  foods  have 
vitamin  C in  them.  Mix  10  drops  of 
boiled  starch  with  1 drop  of  iodine  in 
half  a glass  of  water.  The  water  will 
change  color.  Do  you  remember  how 
iodine  changes  the  color  of  starch? 
If  you  add  a food  that  has  vitamin  C 
in  it,  the  color  of  the  water  will  change 
again.  Add  some  orange  juice.  How 
does  the  color  change? 


Word  Puzzle  A test  of  knowledge  of  nutrients 


Word  Puzzle:  The  words  are: 

1.  Mineral. 

2.  Meat. 

3.  Milk. 

4.  Proteins. 

5.  Fat. 

The  following  are  other  important 
words  introduced  in  the  unit: 


Read  the  sentences  below.  Then 
look  at  the  puzzle.  Can  you  guess 
the  word  for  each  sentence? 

1.  Calcium  is  one  of  these. 

2.  Fish  is  in  this  food  group. 

3.  Ice  cream  has  this  in  it. 

4.  They  help  your  body  work. 

5.  This  nutrient  is  found  in  butter. 


nutrients 

carbohydrate 

vitamins 


Goldberger 

calcium 
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An  application  of  what  has  been  learned 


Planning  a Menu 

Plan  a menu  for  three  meals  a day. 
Do  not  forget  the  four  food  groups. 
Have  at  least  one  food  from  each 
group  in  each  meal  that  you  plan. 
Cut  out  pictures  to  show  the  different 
foods  you  pick.  Below  each  picture, 
write  the  food  group  for  that  food. 


Women’s  magazines  are  good  sources  of  food  pictures. 


You  Can  Read 

1.  The  Plants  We  Eat  by  Millicent  E. 
Selsam.  This  book  tells  about  the 
parts  of  the  plants  that  people  eat. 

2.  The  Wonderful  World  of  Food  by 
John  Boyd  Orr.  Read  how  food  has 
been  grown  since  very  long  ago. 

3.  Your  Food  and  You  by  Herbert 
Zim.  Learn  more  about  the  best 
kinds  of  foods  and  how  they  help  you 
to  grow  and  stay  well. 


Write  the  words  on  the  chalk- 
board, and  have  the  children 
make  up  sentences  similar  to 
those  in  the  Word  Puzzle. 

Planning  a Menu:  These  are  some 
other  activities  your  pupils  might 
enjoy.  Have  a snack  party.  Have 
children  prepare  both  vegetable 
and  fruit  snacks; 

1.  A carrot  spread  for  crackers 
can  be  made  by  grating  carrots 
and  mixing  them  with  cream 
cheese.  Spread  on  crackers. 

2.  Peanut  butter  apples  can  be 
made  by  coring  apples  and  stuf- 
fing the  center  with  peanut  butter. 

OADDITIONAL  ACTIVITIES: 

Make  an  exhibit  showing  the  dif- 
ferent parts  of  plants  that  we  eat. 
It  would  have  foods  that  are  roots, 
such  as  carrots,  and  beets;  foods 
that  are  seeds,  such  as  wheat,  rice, 
and  beans;  foods  that  are  leaves, 
such  as  lettuce  and  spinach;  foods 
that  are  stems,  such  as  celery, 
potatoes,  and  rhubarb. 

Invite  persons  from  other  coun- 
tries to  tell  the  children  about 
their  native  foods. 

An  excellent  book  for  the  teacher 
to  read  in  connection  with  this 
unit  is;  Nutrition,  Science,  and 
You,  by  Olaf  Mickelson.  Scholastic 
Book  Services,  Scholastic  Maga- 
zines, Inc.,  New  York,  N.Y.,  1964. 


NOTES: 


Use  this  space  for  any  additional 
teaching  suggestions  you  may 
have. 


Do  You  Remember? 


Living  things  are  plants  or  animals.  All 
living  things — plants  and  animals — are  made 
up  of  cells.  A cell  has  a covering,  called  a 
cell  membrane,  around  it.  A plant  cell  has  a 
cell  wall  around  the  cell  membrane,  and  an 
animal  cell  does  not. 

All  animals  are  alike  and  different  from 
plants  in  other  ways,  also.  Animals  cannot 
make  their  own  food,  and  most  animals  cannot 
grow  new  parts.  Animals  can  move  about, 
and  most  plants  cannot. 

All  animals  must  eat,  take  in  air,  and  get 
rid  of  wastes.  But  there  are  ways  in  which 
animals  are  different  from  each  other. 
Because  of  these  differences,  animals  are 
adapted  to  live  in  certain  kinds  of 
environments — deserts,  forests,  mountains, 
the  water,  and  in  the  ground. 

Your  body,  like  that  of  all  animals,  is  made 
of  cells.  Different  kinds  of  cells  make  up 
your  muscles,  hones,  and  skin.  Your  cells 
work  together  to  keep  you  alive  and  well. 


The  food  you  eat  gives  your  cells  energy  to 
do  their  work.  The  way  your  body  changes 
the  food  so  your  cells  can  use  it  for  energy 
is  called  digestion.  Food  is  digested  by  the 
saliva  in  your  mouth  and  by  liquids  in  your 
stomach  and  your  intestines.  Your  blood  helps 
carry  the  digested  food  toward  your  cells. 

Your  cells  also  need  oxygen  to  do  their 
work.  There  is  oxygen  in  the  air  you  breathe 
in.  The  air  goes  from  your  nose  to  your  lungs. 
Your  blood  carries  the  oxygen  from  your  lungs 
to  your  cells. 

Your  cells  have  to  get  rid  of  the  wastes 
they  make.  One  such  waste  is  carbon  dioxide. 
Your  blood  carries  these  wastes  from  your 
cells  to  your  lungs.  The  carbon  dioxide  leaves 
your  body  when  you  breathe  out. 

Your  heart  pumps  your  blood,  carrying 
food,  oxygen,  and  wastes,  through  your  body. 

All  foods  have  nutrients  in  them.  Proteins 
and  minerals  are  the  nutrients  that  help  you 
grow.  Fats  and  carbohydrates  are  the 


NOTES: 


Use  this  space  for  any  additional 
teaching  suggestions  you  may 
have. 
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nutrients  that  give  you  energy.  Vitamins 
are  nutrients  that  keep  the  parts  of  your  body 
working  well.  Water  is  a nutrient  you  need 
for  the  liquids  in  your  body.  You  get  the  right 
nutrients  if  you  eat  enough  food  from  each  of 
the  four  food  groups  every  day. 

Some  people  in  the  world  do  not  have 
enough  of  the  right  kinds  of  foods  to  eat. 
Scientists  are  looking  for  ways  to  get  food  for 
these  people.  The  Food  and  Agriculture 
Organization  of  the  United  Nations  is  working 
with  the  scientists  and  other  people  to  help 
solve  the  food  problem. 


Dictionary  of  Science  Words 

A 


adapted  animal  (uh-DAP- 
ted).  An  animal  that  is 
able  to  stay  alive  in  its 
environment,  (p.  109) 

algae  (AL-jee).  Small  green 
sea  plants,  which  scientists 
believe  were  among  the 
first  living  things  on 
earth,  (p.  74) 

amphibian  (am-FIB-ee-un). 

An  animal  that 
lives  part  of  its 
life  in  the  water 
and  part  on  the 
land.  Amphibians  started 
living  after  the  first 
land  animals,  (p.  76) 

artery  (AR-ter-ee).  A tube 
that  carries  blood  away 
from  the  heart,  (p.  185) 


astronaut.  A person  who 
travels  in  spacecraft, 
(p.  50) 

axis  (AK-siss).  The  make- 
believe  line  that 
goes  through  the 
middle  of  the 
earth  from  north 
to  south,  (p.  36) 

B 

bathysphere  (BATH-ih- 
sfeer).  A large  hollow 
metal  ball  that  carried 
William  Beebe  and  another 
scientist  down  into  the  sea. 
(p.  144) 

Big  Dipper.  The  group  of 
stars  that  looks  like  a big 
pan  with  a long  handle, 
(p.  44) 
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0-0 
^ a>Q.o-c  0) 


> 0) 
^ rv 


blood. 

The 

liquid 

inside 

your 

body 

that 

carries 

food 

and  oxygen 

to  your 

cells 

and 

the 

carbon 

dioxide  wastes  from  your 

cells. 

(p.  164) 

brain. 

The 

part 

of  an 

animars  body  that  helps 
the  animal  to  learn.  Man 
has  a large  brain  and  one 
with  many  ridges  compared 
with  the  brains  of  many 
animals,  (p.  83) 

C 

calcium  (KAL-see-um).  A 
mineral  that  makes  your 
bones  and  teeth  strong, 
(p.  205) 

carbohydrate  (kar-buh-HY- 
drayt).  A nutrient  that 
gives  you  energy, 
(p.  197) 


carbon  dioxide  (KAR-bun 
dy-OK-syd).  The  waste 
gas  that  is  made  by  your 
cells  as  they  use  digested 
food  to  get  energy.  Your 
blood  carries  the  carbon 
dioxide  to  your  lungs, 
(p.  169) 

cell(s).  The  very  small 
living  parts  that  make  up 
all  plants  and  animals, 
(p.  104) 

cell  membrane  (MEM- 
brayn).  The  covering 
around  a cell.  (p.  105) 

cell  wall.  The  covering 
around  the  cell 
membrane  in  a 
plant  cell.  (p.  105) 

circulation  (ser-kyoo-LAY- 
shun).  The  movement  of 
the  blood  through  the 
body.  (p.  185) 
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cold-blooded  animal.  An 

animal  whose  body 
temperature  changes  as 
the  temperature  of  the 
animaFs  environment 
changes,  (p.  112) 

constellation  (kon-stuh- 
LAY-shun).  A group  of 
stars  that  looks  like  a 
picture  in  the  sky.  (p.  44) 


crust. 


The  outside  layer  of 
the  earth,  (p.  71) 

D 


digestion  (dih-JESS-chun). 
The  changing  of  food  by 
your  body  so  your  cells 
can  use  the  food.  (p.  161) 


dinosaur  (DY-nuh-sor).  A 
very  large  reptile  that 
started  living  on  earth 
after  the  first  mammals 
did.  (p.  78) 


discovery.  A new  answer 
to  a question,  (p.  17) 

E 

ellipse  (ih-LIPSS).  The 
shape  of  the  orbits 
/ / of  planets  and  the 
moon.  (p.  32) 

energy.  The  ability  to  do 
work.  Your  cells  need 
energy  to  do  work, 
(p.  159) 

environment  (en-VY-run- 
ment).  The  place  where 
an  animal  lives,  (p.  88) 

experiment  (ik-SPEHR-uh- 
ment).  A way  of  looking 
for  an  answer  by  trying 
things  out.  (p.  15) 


F 

fat.  A nutrient  that  gives 
you  energy,  (p.  196) 
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G 

galvanometer  (gal-vuh- 
NOM-uh-ter).  A special 
instrument  used  to  see  if 
there  is  electricity  moving 
in  something,  (p.  21) 

generator  (JEN -uh-ray-ter) . 
A machine  that  can  make 
electricity,  (p.  21) 

gravity  (GRAV-uh-tee).  The 
earth’s  strong  pull.  (p.  51) 

H 

heart.  The  part  of  the  body 
that  pumps  the  blood 
through  the  body, 
(p.  171) 

I 

inner  core.  The  deepest 
layer  of  the  earth. 
Scientists  think  that 
the  inner  core  is 
solid  nickel  and 
iron.  (p.  72) 


intestine  (in-TESS-tin).  The 
part  of  the  body  to  which 
food  goes  as  it  leaves 
the  stomach.  The  small 
intestine,  in  which  much 
digestion  takes  place, 
looks  like  a long 
curled-up  tube.  (p.  163) 

L 

liquid.  Matter  that  flows. 
Water  is  a liquid,  (p.  72) 

Little  Dipper.  The 

constellation  that  looks 
like  the  Big  Dipper  but 
smaller  than  the  Big 
Dipper,  (p.  44) 

lung(s).  The  part  of  your 
body  where  oxygen  is 
taken  out  of  the  air  you 
breathe  in.  The  oxygen 
then  goes  into  your  blood, 
(p.  167) 
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M 

mammal  (MAM-ul). 

Animals  that  started 
living  millions  of  years 
after  the  first  reptiles. 
All  mammals  have  hair 
on  their  bodies.  Most 
mammals  have  babies 
that  are  born  live.  The 
babies  get  milk  from  their 
mothers'  bodies,  (p.  77) 


Milky  Way  Galaxy  (GAL- 
ak-see).  The  galaxy 
of  which  our  solar 
system  is  a part. 
A galaxy  is  made 
up  of  billions  of 
stars,  (p.  33) 


mineral.  A nutrient  that 
helps  you  to  grow  well, 
(p.  197) 


mantle.  The  layer  of  the 
earth  under  the 
crust.  Scientists 
think  the  mantle  is 
hard  rock.  (p.  72) 

matter.  Anything  that  takes 
up  space,  (p.  67) 

microscope  (MY-kruh- 
skohp).  An  instrument 
used  to  help  make  small 
things  seem  much  bigger, 
(p.  155) 


moss.  A small  green  plant 
that  grows  well  in  rocky 
places.  (p.  120) 

muscle  (MUSS-ul).  A part 
of  the  body  that  helps  you 
to  move.  (p.  156) 

N 

Neanderthals  (nih-AN-der- 
thalz).  Men  who  lived  in 
caves  thousands  of  years 
ago.  (p.  85) 
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nocturnal  animal  (nok- 
TER-nul).  An  animal  that 
is  active  at  night,  (p.  115) 

North  Star.  One  of  the 
stars  in  the  Little  Dipper, 
(p.  44) 

nutrient  (NOO-tree-ent) . 
Something  you  need  for 
growth  and  energy,  (p.  195) 

O 

orbit  (OR-bit).  The  path  of 
_ one  object  around 

^ ^ another,  such  as  the 

v. path  of  the  earth 

around  the  sun. 
(P.  31) 

outer  core.  The  layer  of 
the  earth  under  the 
mantle.  Scientists 
believe  the  outer 
core  is  a very  hot 
liquid,  (p.  72) 


oxygen  (OK-sih-jun).  A gas 
that  is  part  of  the  air. 
Oxygen  enters  your  body 
each  time  you  breathe  in 
some  air.  (p.  107) 

P 

pellagra  (puh-LAY-gruh).  A 
disease  people  get  when 
they  do  not  eat  enough  of 
certain  kinds  of  foods, 
(p.  216) 

planet  (PLAN-it).  One  of 
the  nine  bodies  that  orbit 
the  sun  and  get  their 
light  from  the  sun. 
(p.  32) 

planetarium  (plan-uh-TAIR- 
ee-um).  A place  where  a 
machine  makes  the  ceiling 
look  like  the  sky.  (p.  35) 

protein  (PRO-tee-in).  A 
nutrient  that  helps  you 
grow.  (p.  196) 
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R 

reflect.  To  bounce  back. 
The  moon  reflects  sunlight, 
(p.  41) 

reptile  (REP-til).  An 
animal  with  scales  on  its 
body.  Most  reptiles  slide 
along  the  ground  or  walk 
on  four  short  legs. 
Reptiles  started  living 
after  the  first  amphibians, 
(p.  76) 

rocket.  A type  of  spacecraft 
that  man  sends  into  the 
sky.  (p.  49) 

S 

saliva  (suh-LY-vuh).  The 
liquid  in  the  mouth,  which 
helps  digest  food.  (p.  162) 

satellite  (SAT-uh-lyt).  A 
spacecraft  in  orbit, 
(p.  50) 


scale(s).  The  small  flat 
layers  or  pieces  of  skin  on 
a fish’s  or  reptile’s  body, 
(p.  76) 

scorpion  (SKOR-pee-un).  A 
land  animal  that  started 
living  after  fishes,  (p.  75) 

solar  system  (SOH-ler).  The 
sun  and  its  planets,  (p.  32) 

source.  Anything  that 
helps  you  to  find  answers 
to  questions,  (p.  9) 

spider.  A land  animal  that 
started  living  after  fishes, 
(p.  75) 

sponge.  A sea  animal  that 
started  living  long  after 
the  first  algae,  (p.  74) 

stethoscope  (STETH-uh- 
skohp).  An  instriunent 
that  a doctor  uses  to  listen 
to  your  heart,  (p.  186) 
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stomach.  The  part  of  the  V 

body  where  food  goes  vein.  A tube  that  carries 
after  you  swallow  it.  blood  back  to  the  heart, 
(p.  162)  (p.  185) 


T 

telescope  (TELL-uh-skohp). 
An  instrument  that  makes 
faraway  things  seem 
much  closer,  (p.  34) 

thermometer  (ther-MOM- 
uh-ter) . An  instrmnent 
that  shows  how  warm  or 
how  cold  something  is. 
(p.  158) 

trilobite  (TRY-luh-byt).  A 
small  sea  animal  that 
started  living  after  the 
first  sponges,  jellyfish,  and 
worms,  (p.  75) 

U 

universe  (YOO-nuh-verss). 
The  total  of  everything 
that  there  is.  (p.  34) 


vitamin  (VY-tuh-min).  A 
nutrient  that  keeps  the 
parts  of  the  body  working 
well.  (p.  197) 

W 

warm-blooded  animal.  An 

animal  whose  body 
temperature  always  stays 
about  the  same.  (p.  113) 

water.  A nutrient  that  you 
need  for  the  liquids  in 
your  body.  (p.  197) 
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Dictionary  of  Scientists 

Here  is  a list  of  the  scientists  you  have  read  about  in 
this  hook. 


Agassiz,  Louis  (AG-uh-see). 
A Swiss  doctor,  interested  in 
earth  science,  who  was  the 
first  to  say  that  there  had 
been  a great  ice  age.  (p.  90) 

Beebe,  William  (BEE-bee). 
The  American  scientist  who 
built  the  bathysphere,  in 
which  he  and  others  could 
plunge  deep  into  the  ocean. 
He  reported  on  many 
animals  that  men  had  never 
seen  before,  (p.  144) 

Copernicus,  Nicolaus  (koh- 
PER-nih-kuss).  The  Polish 
astronomer  who,  in  1543, 
wrote  that  the  earth  turns 
on  its  axis  and  orbits  the 
sun.  (p.  52) 


Faraday,  Michael.  The 
English  scientist  who 
discovered  that  a moving 
magnet  can  produce  electric 
current  in  a wire.  His 
discovery  led  to  the  invention 
of  the  electric  generator, 
(p.  20) 

Goldberger,  Joseph.  A 

doctor  who  proved  that 
pellagra  is  caused  by  a lack 
of  certain  kinds  of  foods, 
(p.  216) 

Harvey,  William.  The 
English  doctor  who  showed 
that  the  heart  pumps  the 
blood  from  the  arteries  to  the 
capillaries  to  the  veins  and 
back  to  the  heart,  (p.  184) 

235 


Use  this  space  for  any  additional 
teaching  suggestions  you  may 
have. 


As  each  pathfinder  in  science  is  taken  up,  have  chiidren  recall  the  discoveries  of 
pathfinders  studied  earlier.  If  they  have  trouble  recalling,  refer  them  to  this  dictionary. 


NOTES: 


Checklist  of 
Science  Activities 


Use  this  space  for  any  additional 
teaching  suggestions  you  may 

have.  Here  is  a list  of  some  things  you  can  learn  to  do  as  you  read 

this  hook.  At  the  end  of  each  unit  there  are  four  pages  that 


tell  you  other  things  you  can  do. 

1 The  Scientist’s  Way 

Finding  answers  8 

Using  sources  12 

Finding  out  about  scientists’  questions  14 

Doing  a plant  and  light  experiment  16 

Finding  out  about  science  discoveries  19 

Finding  out  about  floating  things  22 

Weighing  boxes  of  different  shapes  22 

Guessing  from  clues  23 

2 The  Sky  Above 

Learning  about  the  planets  35 

Finding  out  about  the  earth  and  its  axis  37-38 

Finding  out  about  the  sun  and  another  star  39 

Showing  how  the  moon  reflects  the  sun’s  light  42 

Comparing  the  sun  and  the  moon  43 

Finding  the  North  Star  44 

Finding  out  about  the  stars  at  night  46-47 
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Doing  a test  for  gravity 
Finding  out  about  constellations 
Using  a telescope  or  binoculars 
Writing  about  the  astronauts 

3 Our  Planet  Earth 

Finding  out  how  water  changes  the  earth 
Learning  how  gases  take  up  room 
Making  a model  of  the  earth 
Visiting  a museum 

Making  a picture  story  of  living  things 

Learning  about  algae 

Learning  more  about  horses  of  long  ago 

4 How  Animals  Live 

Grouping  plants  and  animals 
Learning  how  dogs  and  birds  eat 
Learning  about  ants 
Learning  about  the  desert 
Learning  about  squirrels 

Learning  about  animals  that  live  on  mountains 

Learning  about  flounder  flsh 

Feeling  with  your  hair 

Finding  out  about  baby  animals 

Finding  out  how  animals  get  air 

Keeping  a pet  hamster 


NOTES: 


51 
54 

54 

55  this  space  for  any  additional 
teaching  suggestions  you  may 
have. 

66 

70 

73 

89 

92 

93 
93 


105 

108 

114 

116 

119 

122 

125 

127 

146 

147 
147 
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Use  this  space  for  any  additional 
teaching  suggestions  you  may 
have. 


5 Your  Body’s  Needs 

Looking  through  a microscope  at  skin  cells  157 

Testing  to  see  how  warm  your  hand  is  158-159 

Finding  out  how  foods  give  you  energy  161 

Making  a model  of  the  body  165 

Holding  your  breath  166 

Showing  when  you  need  more  oxygen  168 

Testing  for  carbon  dioxide  170 

Feeling  your  blood  prnnped  173 

Making  a stethoscope  186 

Visiting  a museum  of  natural  history  187 

Finding  out  about  hearts  187 

6 Food  for  Life 

Testing  for  starch  198 

Writing  about  the  foods  you  eat  200 

Learning  about  foods  with  sugar  in  them  201 

Visiting  a food  store  to  find  out  about  vitamins  204 
Testing  for  calcium  in  bones  206 

Making  a cell  membrane  208-209 

Finding  out  about  the  U.  N.’s  food  program  215 

Inviting  a food  scientist  to  your  class  218 

Visiting  a food  market  or  farm  218 

Starting  a vegetable  garden  219 

Learning  more  about  nutrients  219 
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Agassiz,  Louis,  90-91,  235 
Air 

and  body  temperature,  113 
and  breathing,  166,  167,  168 
is  a gas,  70 
is  matter,  67,  68 
need  for,  107 
takes  up  space,  68 
weighing  things  in,  6-7 
Algae,  74,  93,  94,  99 
Amphibians,  76,  94,  99 
Animals 

are  made  up  of  cells,  104-105 
can  have  babies,  108 
can  move  about,  104 
cold-blooded,  112,  148 
definition  of,  104 
differ  from  plants,  104 
early  forms  of,  74-80 
eat  other  animals,  104,  124,  125,  126 
eat  plants,  104,  115,  117,  120,  122 
live  on  deserts,  114-116 
live  in  forests,  117-119 
live  in  the  ground,  126-127 
live  on  mountains,  120-122 
live  in  the  sea,  110,  124-125 
noctmrnal,  115,  148. 
warm-blooded,  113,  148 
Ants,  114 

Aquarium,  140-142,  151 

Arteries,  185 

Astronaut,  50,'  56 

Axis,  of  eeirth,  36-37,  53,  56,  98 


Bathysphere,  144-145 
Beebe,  William,  144-145,  235 
Big  Dipper,  44,  56 
Birds,  78-79,  128-132 

Blood 

carries  carbon  dioxide  from  cells, 
169,  225 

carries  food  to  cells,  167,  169,  188, 
208 

carries  oxygen  to  cells,  167,  225 
circulation,  165,  171-172, 

184-185,  188 
is  a liquid,  207 
Bones,  224 
cells  of,  156 
growth  of,  205 

Book  list,  using  a,  27,  59,  97,  151, 
191,  223 

Brains,  83,  94,  99 
Bread,  in  food  group,  200 
Breathing,  188 

and  carbon  dioxide,  169-170 
and  oxygen,  166,  167 
Bulletin  board,  making  a,  96 
Butterfly,  9,  23 

Calcium,  205,  206,  220 
Cameras,  in  rockets,  49 
Carbohydrates,  197,  200,  226 
Carbon  dioxide,  169-170,  188,  225 
Caterpillar,  9,  23 
Cell  membrane,  in  animals,  105, 
148,  224 
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Cells 

of  animals  and  plants,  104-105,  148, 

224 

of  body, 155-157 
can  grow,  105 
can  make  new  cells,  105 
give  off  heat,  158-159 
need  energy,  159-160,  166 
need  food,  158,  166 
need  oxygen,  107,  158,  166 
need  to  get  rid  of  wastes,  158,  159 
Cell  wall,  in  plants,  105,  148,  224 
Cereal,  in  food  group,  200 
Chalk,  69 

Chemical,  definition  of,  220 
Circulation,  of  blood,  171-172, 
184-185,  188 
Claws,  116,  117,  126 
Constellarium,  building  a,  59 
Constellations,  44,  56 
Copernicus,  Nicolaus,  52-53,  235 
Corals,  69 

Core,  of  earth,  72,  94,  99 
Crust,  of  earth,  71,  94,  99 

Davy,  Sir  Humphry,  20 
Deserts 

definition  of,  109 
life  on,  109,  114-116 
Digestion,  of  food,  161-165,  188,  197, 

225 

definition  of,  161 
Dinosaurs,  78-79,  94,  99 
Discoveries,  24,  98 
definition  of,  17 


Earth 

changes  on,  62-63,  68,  90-91 
farming  on,  212-213 
is  a planet,  32,  56,  98 
life  on,  74-86,  94,  99,  109-127 
orbit  of,  31,  53,  56,  98 
parts  of,  71-72,  94,  99 
rocket  picture  of,  49 
rocks  of,  69 
shape  of,  31 
in  solar  system,  52-53 
turns  on  its  axis,  36-38,  53,  56,  98 
Electricity,  21 
generator  of,  21 
produces  magnetism,  20 
Elephant,  78,  80 
Ellipse,  32,  56 
Energy 

for  body  cells,  159-160 
from  food,  160-165,  188,  196,  197, 
225 

from  the  sun,  160 
Environment 

adapting  to,  109,  148,  224 
definition  of,  88,  99 
kinds  of,  109-111 

Exhibits,  making,  92,  146,  150,  215 
Experiments,  15,  24,  98 
about  ants,  114 
about  blood,  173,  190 
about  bones,  206 
about  breathing,  166,  168 
about  carbon  dioxide,  170 
about  ceUs,  158-159,  208-209 
about  freezing  water,  67 
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about  gases,  70 
about  gravity,  51 
about  hair,  127 
about  plants,  16 
about  soil,  66 
about  starch,  198 
about  vitamin  C,  222 
about  weight,  6-7,  22 

Faraday,  Michael,  20-21,  235 

Fats,  196,  200,  226 

Fishes 

are  cold-blooded  animals,  112 
live  in  the  sea,  75,  124-125,  145 
protein  in,  214 

Food 

digestion  of,  161-165,  188,  197,  225 
energy  in,  160-161 
four  groups  of,  199-200 
need  for,  107,  158,  166 
nutrients  in,  195-198,  220,  226 
plants  make  their  own,  104 
Forests 

definition  of,  110 
life  in,  110,  117-119 
planting  to  hold  water,  211 
Fossils,  69,  90 
Frog,  76,  112 

Fruit,  in  food  group,  200,  201 
Fur,  122,  124 

Galaxy,  33-34 
Galvanometer,  21 
Gas 

carbon  dioxide,  169 
oxygen,  166 


Generator,  electric,  21 
Goldberger,  Joseph,  216-217,  235 
Grasses,  80,  120 
Gravity,  51,  56 

Ground,  life  in  the,  11,  126-127 
Growth 

in  body,  197,  205 
of  bones,  205 
in  cells,  105 

nutrients  for,  195,  196,  197,  205, 
220,  226 
in  plants,  104 

Hair 

on  animals,  77,  126 
and  feeling,  127 

Harvey,  William,  184-185,  235 
Health,  and  medicine,  174-181 
Heart,  188,  225 

circulates  blood,  171-172,  184-185 
is  a muscle,  171 
Heartbeat,  184 
Heat,  measuring,  158-159 
Hoofs,  122 
Horse,  78,  80 

Ice,  64,  67,  91 
Ice  age,  91 

Inner  core,  of  earth,  72,  94,  99 
Insects 
eye  cells  of,  23 
first  on  earth,  76,  94,  99 
social,  114 

Intestines,  163,  188,  207,  225 
Iodine,  198 
Iron,  72 
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Jellyfish,  74 
Kangaroo  rat,  114-116 
Learning 

asking  questions,  4,  6 
being  curious,  2-4 
trying  things  out,  4,  6-7,  8 
using  sources,  9-10 
Library,  4,  89,  93,  119,  122,  187,  215 
Light 

reflected,  41,  56,  98 
from  stars,  46-47 
from  sun,  38,  39,  41 
Limewater,  170 
Liquids 

beneath  earth’s  surface,  72 
of  body,  162-163,  207 
changing  food  into,  161 
definition  of,  72 

Little  Dipper,  44,  56 
Lungs,  167,  188,  191 

Magazines,  using,  14,  19 
Magnetism,  20-21 
Mammals 
definition  of,  77,  99 
kinds  of,  77-78, 128,  133,  135-138, 
140,  143 
Man 

appeared  on  earth,  83-85,  94 
brain  of,  83,  94,  99 
can  change  environment,  88 
can  make  tools,  82 
hand  and  thumb  of,  84 
Neanderthal,  85,  94 


Mantle,  of  earth,  72,  94,  99 
Maps,  using,  122-123 
Matter,  67-69,  99 
can  change,  68 
in  space,  67 
Meat,  food  group,  200 
Medical  checkup,  174-183 
Menu,  planning  a,  223 
Microscopes 
definition  of,  155,  188 
using,  155-157 
Milk,  food  group,  200,  205 
Milky  Way  Galaxy,  33,  34,  56,  98 
Minerals 

for  health,  197,  200,  205,  226 
for  soil,  213 
Models 
of  body,  165 
of  earth,  73 
of  earth’s  axis,  37 
of  light  from  stars,  46-47 
of  light  from  sun,  37-38,  39 
of  lungs,  191 

of  moon’s  reflected  light,  42 
of  rain  and  soil,  66 
of  rocket,  58 

of  size  of  moon  and  sun,  43 
of  solar  system,  54-55 
Moles,  126-127 
Monkey,  4,  80 
Moon 

brightness  of,  40-42 
orbit  of,  40 

reflects  light  of  sun,  41,  56,  98 
size  of,  42 
Mosses,  120,  148 
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Mountain  goat,  121-122 
Mountains 
life  on,  110,  120-122 
made  of  chalk,  69 
Mouth,  162 

Movie,  making  a roller,  97 
Muscles,  156,  171,  188,  224 
Museum,  visiting  a,  89,  122,  187 

Neanderthals,  85,  94 
Newspapers,  using,  85,  94 
Nickel,  72 

Night  and  day,  36-38 
North  Star,  44 
Nose,  166,  167,  168 
Nutrients,  195-198,  199-200,  220, 
226 

Oceans,  144-145 
Orbit 

definition  of,  31,  56,  98 
of  earth,  31 
of  moon,  40 
of  planets,  32,  53 
shape  of,  32,  56 
Outer  core,  of  earth,  72 
Oxygen 

definition  of,  107,  148 
is  breathed  in  with  air,  166,  167, 
188,  225 

is  carried  to  cells,  167,  225 

Pellagra,  216-217,  220 
Pets,  keeping,  147 
Planet 

definition  of,  32,  56,  98 


orbit  of,  32,  53 
size  of,  35 

Planetarium,  35,  56 
Plants 

are  made  up  of  cells,  104-105 
can  grow  new  parts,  104 
definition  of,  104 
differ  from  animals,  104 
early  forms  of,  74,  75,  76 
flowering,  80 
grow  on  deserts,  109,  116 
grow  on  mountains,  120 
grow  in  water,  74,  75,  93 
make  their  own  food,  104 
turn  toward  light,  16 
use  sun’s  energy,  158 
Proteins,  196,  200,  214,  226 

Questioning,  13-14,  27,  116, 
161,  200,  218 

Radio,  using  a,  14 

Rain 

changes  earth’s  surface,  62-63 
provides  water,  211 
scatters  soil,  23 
Reptiles,  76-77,  79,  94,  99, 

128,  134,  139 
Rivers,  62-63 
Rock 

beneath  the  earth’s  surface,  72 
changes  in,  68 
fossils,  69 
as  matter,  67 
in  mountains,  69,  120 
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Rockets 

gravity  pulls  on,  51,  56 
picture  taken  by,  49 
satellites  travel  by,  50,  56 

Saliva,  162,  188,  207,  225 
Satellites,  50,  56 
Scales,  of  reptiles,  76 
Scientists 
ask  questions,  13,  14 
do  experiments,  15 
find  answers,  15-19 
make  discoveries,  17-19 
pathfinders 
Agassiz,  Louis,  90-91 
Beebe,  William,  144-145 
Copernicus,  Nicolaus,  52-53 
Faraday,  Michael,  20-21 
Goldberger,  Joseph,  216-217 
Harvey,  William,  184-185 
Scorpions,  73,  94,  99 
Scurvy,  203 
Sea 

is  part  of  earth’s  crust,  71 
life  in,  74-77,  110,  111,  124-125, 
144-145 

making  fresh  water  from,  211 
soil  in,  65 
Sea  lion,  124-125 
Seaweeds,  75 
Skin,  155,  156,  157,  224 
Snails,  75 
Snake,  77 
Snow,  64 
Soil 

how  water  moves  it,  62,  64-67 


minerals  for,  213 
water  for,  211 
Solar  system 

definition  of,  32,  56,  98 
discoveries  about,  33,  52-53 
model  of,  54-55 
Sources,  9-10,  24,  98 
Space 

the  earth  in,  31-32,  36-38,  49 
galaxies  in,  33-34 
the  moon  in,  40-43 
the  sky  in,  30-31,  48 
the  solar  system  in,  32-33,  52-53, 
56,  98 

the  stars  in,  33,  44-47 
the  sun  in,  33,  36-39 
the  universe  in,  34,  56,  98 
Space  travel,  50-51 
Spiders,  74,  94,  99 
Sponges,  74,  94,  99 
Squirrels,  117-119 
Starch,  198,  220 
Stars 

are  made  of  hot  gases,  33 
constellations,  44 
light  from,  46-47 
Stethoscope,  186,  188 
Stomach,  162-163,  188,  207,  225 
Sugar,  201 
Sun 

brightness  of,  39 
distance  from  earth,  39 
energy  of,  160 

is  center  of  solar  system,  33,  52-53, 
98 

is  a star,  33 
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light  from,  39,  41 
planets  around,  31-32 
shines  day  and  night,  36-37 

Teeth 

are  bone,  154,  205 
break  up  food,  108,  162 
Telescopes 

definition  of,  34,  56,  98 
pictures  taken  by,  33,  48 
Temperature 

of  amphibians,  112 
of  animals,  112-113 
of  people,  113 
of  reptiles,  112 

Thermometer,  158-159,  188 
Tools 

made  by  early  man,  82 
needed  for  farming,  212 
Trees,  110,  117 
Trilobites,  75,  94,  95 
Turtle,  77,  113 

Universe,  34,  56,  98 

Vegetables,  in  food  group,  200 
Veins,  185 


Vitamins 

Bi,  202 

C,  203,  222 

for  health,  197,  200-203,  226 
Wastes 

from  body,  107,  158, 
169-170,  225 
definition  of,  169,  188 

Water 

for  body,  197,  198,  207,  226 
changes  earth,  62-65 
in  desert,  109,  115 
for  drinking,  211 
fioating  on,  22 
in  foods,  200 
freezing  of,  67 
for  growing  plants,  211,  213 
is  matter,  67 
in  ocean,  144-145 
pressure  of,  144 
takes  up  space,  68 
weighing  things  in,  6-7 
Weight,  6-7,  22 
Winds,  65 
Worms,  74,  126 

Zoo,  visiting  a,  128-143 
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PART  I:  THE  CONTENT  AND  PROCESS  OF  SCIENCE  EDUCATION 


7 


In  most  elementary  schools,  it  is  the  classroom  teacher 
rather  than  a specialist  in  science  education  who 
teaches  science.  Thus,  the  classroom  teacher  must 
have  some  knowledge  of  the  subject  matter  of  sci- 
ence as  well  as  an  awareness  of  how  children  learn. 
The  Teachers'  Guide  of  Science  for  Tomorrow's 
World  provides  help  in  both  of  these  areas.  We  include 
supportive  factual  information  to  strengthen  what  the 


teacher  already  knows  about  science,  as  well  as  teach- 
ing suggestions  based  on  the  present  knowledge  of 
how  children  learn. 

To  be  truly  effective  as  a teacher  of  science,  the 
teacher  must  have  an  understanding  of  what  science 
is  and  what  a scientist  does.  We  often  hear  that  the 
American  child  of  today  is  growing  up  in  a scientific 
age.  What  does  this  really  mean?  What  exactly  is  sci- 
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ence?  The  answer  to  this  last  question  will  determine 
the  teacher's  approach  and  orientation  to  every  lesson 
presented.  To  help  the  teacher  gain  a fuller  under- 
standing of  the  climate  of  our  scientific  age,  we  begin 
the  Teachers'  Guide  with  a discussion  of  the  meaning 
of  science  and  the  work  of  the  scientist. 

SCIENCE  AND  THE  SCIENTIST 

Science  is  the  study  of  natural  phenomena;  it  con- 
cerns itself  with  describing  such  phenomena  and 
attempting  to  explain  them  through  laws  that  con- 
stantly can  be  tested  and  corrected  against  conse- 
quences in  experience.  These  scientific  laws  are  then 
fitted  into  a working  model  of  the  universe — a model 
that  may  be  in  the  form  of  an  idea,  a diagram,  or  a 
construction  (Book  6,  p.  145).  Often,  scientists  must 
do  many  experiments  before  a working  model  can  be 
developed.  Often,  too,  many  experiments  and  much 
theorizing  are  done  after  the  model  is  developed,  in  or- 
der to  determine  whether  or  not  the  model  is  accurate. 
An  accurate  working  model  may  be  highly  useful  in 
predicting  future  events.  With  a working  model  of  the 
solar  system,  for  example,  it  is  possible  to  make  pre- 
dictions about  when  eclipses  will  occur,  when  Mars 
will  be  closest  to  the  earth,  when  tides  will  be  high, 
and  where  the  earth  will  be  in  relation  to  other  planets 
at  any  given  time  in  the  future.  In  some  instances,  a 
working  model  also  helps  to  control  man-made  or 
natural  phenomena.  A model  of  motion  that  approx- 
imates natural  motion  is  indispensable  in  controlling 
man-made  motions  such  as  those  of  a primitive  ox- 
cart or  a modern  space  satellite.  This  is  not  to  imply 
that  science  is  concerned  with  prediction  and  control 
for  practical  reasons  only.  Such  concern  has  grown  out 
of  man's  need  to  dispel  uncertainty,  to  know  the  world 
in  which  he  lives. 

In  constructing  a foundation  for  a model  of  reality, 
the  scientist  uses  ideas  of  time,  space,  matter,  causal- 
ity, and  number.  In  each  of  these  areas,  the  scientist 
believes  there  is  order;  things  do  not  happen  in  a hap- 


hazard fashion  in  the  world  of  nature,  but  in  a logical, 
noncontradictory  manner.  Thus,  no  matter  what  year, 
no  matter  what  season,  the  sun  always  appears  at 
dawn  in  the  east.  No  matter  what  kind  of  projectile 
is  launched  from  the  earth  into  space,  the  projectile 
has  two  kinds  of  motion — a forward  motion  in  the 
direction  in  which  it  was  launched  and  a downward 
motion  in  the  direction  of  the  center  of  the  earth. 

From  the  dawn  of  history,  man  has  sought  to  ex- 
plain what  he  observed  and  then  to  use  his  explana- 
tions to  predict  future  events.  Even  long  ago,  scientists 
believe,  man  was  able  to  predict  certain  natural  phe- 
nomena. They  believe  that  an  ancient  people  at  Stone- 
henge, England,  studied  the  movements  of  earth  and 
sun  and  were  able  to  place  great  rocks  in  such  a 
fashion  as  to  predict  the  beginning  and  ending  of 
seasons  and  eclipses.  We  can  find  countless  other  ex- 
amples to  show  that  the  order  in  the  universe  became 
evident  to  man's  intelligence  and  that  he  used  the  test 
of  prediction  to  prove  the  existence  of  that  order.  For 
example,  at  Stonehenge,  it  is  believed  that  if  ancient 
man's  notions  about  movements  of  sun  and  earth  were 
wrong,  the  sun  would  not  have  been  seen  rising  over 
a particular  stone  on  a particular  day  of  the  year;  thus, 
the  concept  would  have  to  have  been  changed  accord- 
ingly. Sometimes  when  ancient  man  was  unable  to  find 
an  explanation  for  natural  phenomena,  he  resorted  to 
magic.  Through  magic,  he  thought  himself  able  to  ex- 
plain a particular  event,  not  by  recourse  to  natural 
laws,  but  by  the  invention  of  uncontrollable  "some- 
things" that  he  believed  might  yield  to  magical  rites. 

Why  did  man  gradually  give  up  magic  and  turn 
more  and  more  to  a search  for  natural  laws?  Psycholo- 
gists find  the  explanation  in  the  part  of  man's  biologi- 
cal inheritance  that  is  intelligence — a form  of  mental 
adaptation  that  causes  man  to  seek  to  deal  effectively 
with  his  environment.  This  basic  need  produces  a 
tendency  to  give  up  explanations  that  do  not  conform 
to  reality.  Reality  comes  to  be  not  what  one  per- 
ceives with  the  senses,  but  rather  the  product  of  trans- 


formations  that  one  performs  upon  data  in  the  mind. 
A distant  elm  may  appear  to  be  smaller  than  a nearby 
birch  sapling,  but  the  mind  puts  each  tree  in  proper 
spatial  perspective.  It  may  have  seemed  to  ancient  man 
that  the  sun  traveled  around  the  earth,  but  such  a con- 
cept of  the  solar  system  is  not  consistent  with  all  the 
known  facts,  and  so  man  eventually  constructed  a 
more  realistic  concept  of  the  solar  system. 

It  is  evident  that  science  involves  more  than  just 
the  accumulation  of  new  facts  about  the  universe. 
Galileo's  "facts"  about  motion  are  already  known  to 
anyone  who  has  rolled,  an  object  down  an  inclined 
plane  or  thrown  an  object  from  a moving  vehicle.  All 
the  facts  needed  to  derive  the  concept  of  gravitation 
were  known  to  man  long  before  Newton.  The  great 
forward  leaps  in  science  have  often  come  about  not 
because  man  discovered  new  facts  about  the  universe, 
but  because  a great  scientific  mind  saw  those  same 
facts  in  a new  framework.  The  search  for  new  facts 
goes  on  continuously  in  scientific  laboratories,  but  the 
major  breakthroughs  take  place  inside  the  minds  of 
scientists  themselves. 

How  do  these  breakthroughs  occur?  What  does 
man  look  for  to  make  the  world  more  intelligible? 
Two  guiding  principles  stand  out;  Man  looks  for 
unity,  and  he  looks  for  simplicity. 

To  look  for  unity  means  to  look  for  likenesses, 
often  in  unexpected  places.  It  means,  for  example,  see- 
ing that  the  model  of  the  solar  system  might^also  serve 
as  a model  for  the  atom.  It  means  seeing  similarities 
among  the  ant,  the  fish,  the  mouse,  and  man.  For 
convenience,  man  may  divide  science  into  the  study 
of  the  physical  and  the  biological — the  living  and  non- 
living. But  man  searches  for  more  than  merely  a simi- 
larity between  any  two  related  facts;  he  searches  for  a 
law  that  will  explain  all  such  related  facts,  and  thus 
he  strives  toward  unity. 

The  second  guiding  principle  in  man's  striving  to 
make  the  world  more  intelligible  is  that  of  simplicity. 
Man  seeks  the  basic  units — ultimate  and  fundamental 


units — out  of  which  more  complex  matter  is  built.  The 
discovery  of  the  cell  and  the  discovery  of  the  atom 
were  two  milestones  in  man's  striving  toward  simplic- 
ity. Present-day  explorations  of  molecular  activity  in 
the  cell  lead  further  in  the  direction  of  unity  and 
simplicity;  eventually,  the  activities  of  all  living  things 
may  be  explained  in  terms  of  atoms. 

In  preparing  Science  for  Tomorrow's  World,  the 
authors  have  been  guided  by  a modern  viewpoint  of 
science.  We  have  constantly  asked  ourselves  what  this 
modern  viewpoint  implies  for  science  education  in  ele- 
mentary schools.  We  turn  now  to  a consideration  of 
those  implications  which  have  guided  our  thinking  in 
the  planning  and  developing  of  this  series. 

A PHILOSOPHY  OF  SCIENCE  EDUCATION 

Three  basic  principles  form  the  foundation  of  our 
approach  to  science  education.  First,  we  affirm  our 
faith  in  the  natural  curiosity  of  the  child  as  a powerful 
motivating  tool  in  acquiring  science  knowledge.  We 
believe  that  this  curiosity  can  be  kept  at  a high  level, 
not  necessarily  by  the  use  of  bizarre  or  dramatic  sci- 
ence activities,  but  by  making  explicit  to  the  child  the 
difference  between  his  own  view  of  reality  and  reality 
as  it  actually  exists — as  well  as  man  can  conceive  of 
it.  The  child  brings  with  him  to  the  classroom  a tre- 
mendous body  of  cognitive  structures  that  he  uses  to 
explain  the  universe.  The  problem  in  teaching  science 
to  children  is  not  that  the  child  does  not  have  expla- 
nations for  natural  phenomena;  it  is  rather  that  his 
explanations  are  often  either  half-correct  or  wholly  in- 
correct. Yet,  if  we  can  assume  on  the  part  of  the  child 
a basic  urge  to  deal  effectively  with  his  environment, 
when  he  becomes  aware  of  the  discrepancy  between 
what  he  believes  and  what  is  reality,  we  can  then  con- 
clude that  he  will  be  more  ready  to  apply  the  use  of 
logic  in  his  thinking.  Here,  both  deductive  and  induc- 
tive (discovery)  processes  are  invaluable.  Some  key 
concepts  can  best  be  taught  by  direct  presentation  that 
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is  followed  by  applications  of  the  key  concepts  to  a 
wide  variety  of  data.  Thinking  can  be  stimulated  when 
the  teacher  says,  for  example,  "How  does  what  we 
have  learned  about  sound  apply  to  a mammal  such 
as  the  bat?  How  can  the  bat's  sense  of  hearing  help 
the  bat  to  know  when  an  object  is  near?" 

The  discovery  method  is  most  effective  when  re- 
served for  the  induction  of  certain  general  laws.  For 
example,  in  the  study  of  animal  behavior,  children  can 
discover  for  themselves  some  of  the  relationships  be- 
tween temperature  and  behavior.  They  can  observe 
what  happens  to  the  behavior  of  a goldfish  when  the 
temperature  of  the  water  in  the  aquarium  is  lowered; 
they  can  note  the  movement  of  insects  that  have  been 
placed  in  a box  that  is  heated  at  one  end.  In  the  study 
of  light,  however,  we  cannot  expect  young  pupils  to 
use  the  inductive  process  to  arrive  successfully  at  the 
wave  theory  of  light.  Thus,  deductive  and  inductive 
methods  of  presenting  material  have  been  used  both 
selectively  and  realistically  in  Science  for  Tomorrow's 
World  to  achieve  a maximum  challenge  to  pupils'  intel- 
lectual curiosity. 

The  second  basic  principle  we  accept  is  that  the 
elementary  school  child  should  gradually  build  a 
structure  of  science  approximating  the  structure  de- 
veloped by  the  scientist.  Sometimes,  in  an  effort  to 
simplify  subject  matter,  teachers  have  introduced  er- 
roneous concepts  on  the  supposition  that  these  con- 
cepts were  easier  for  the  child  to  understand.  One  such 
teacher  taught  that  "Some  insects  lay  eggs  that  hatch 
into  worms";  he  did  this  because  he  thought  that 
"larvae"  was  too  difficult  a word  to  introduce  to  his 
second-grade  class.  It  is  possible,  of  course,  to  teach 
such  a concept  without  actually  using  the  word  for 
the  concept.  But  most  important  is  that  the  concept 
be  accurate.  The  biologist  puts  worms  into  a phylum 
that  is  completely  separate  from  the  phylum  for  in- 
sects; to  say  that  larvae  are  "worms"  puts  a mistaken 
emphasis  upon  unimportant  similarities  in  the  ap- 
pearances of  the  larvae  and  worms.  We  believe  that 


a selection  of  simple  but  significant  concepts  can  be 
taught  so  that  even  the  young  child  has  some  exposure 
to  the  main  ideas  that  structure  a particular  field  of 
science.  We  also  believe  that  children  should  know  of 
man's  long  and  continuing  struggle  to  structure  his 
knowledge — of  the  wrong  turns  he  has  made  at  times, 
and  of  how  difficult  it  is  to  give  up  erroneous  concepts 
even  in  the  face  of  their  inefficacy.  Children  should 
know  and  experience  the  exploration  of  the  unknown, 
and  they  should  also  attempt  to  search  for  coherence 
in  the  world  around  them.  Only  then  will  they  gain  a 
perspective  of  science  as  man's  attempt  to  decipher 
the  code  of  the  universe. 

We  have  emphasized  repeatedly  man's  basic 
tendency  toward  equilibrium — his  need  to  resolve  cog- 
nitive disturbance  by  accepting  those  ideas  that  fit 
with  reality.  But,  as  the  history  of  science  so  dramati- 
cally illustrates,  there  is  at  the  same  time  a strong 
tendency  to  resist  change,  to  cling  to  cherished  no- 
tions. In  teaching  science,  we  must  not  present  a 
picture  of  the  scientist  as  a kind  of  superman  who 
readily  accepts  evidence  that  contradicts  his  own  way 
of  thinking.  Part  of  the  subject  matter  of  science  is  the 
history  of  science;  studying  the  history  helps  pupils  to 
see  the  scientist  as  a human  being,  one  who  has  had 
to  engage  actively  in  the  process  of  accommodating 
to  new  theories — a process  as  difficult  for  him  as  for 
all  other  men. 

The  third  principle  we  accept  is  that  the  acquisi- 
tion of  knowledge  can  enhance  logical  thinking  when 
proper  attention  is  paid  to  processes.  The  child  be- 
comes more  logical  in  his  thinking  when  he  acts  upon 
the  data  he  assimilates,  putting  two  and  two  together, 
making  analogies  by  a one-to-one  correspondence  be- 
tween parts,  seeing  the  implications  of  one  action  upon 
another,  setting  up  alternative  hypotheses  ("It's  either 
this  or  that"),  excluding  variables  that  check  out  to 
be  irrelevant.  An  important  part  of  the  teacher's  re- 
sponsibility in  teaching  science  is  to  help  the  child  ac- 
quire mental  processes  for  transforming  data  so  that 


inconsistencies  in  thinking  can  be  eliminated  and 
reasoning  can  become  more  logical. 

In  teaching  elementary  school  science,  much  has 
been  made  of  the  scientist's  sequential  method  of 
searching  for  truth — of  observing,  hypothesizing,  test- 
ing, noting  results,  drawing  conclusions.  Each  of  these 
activities  is  an  important  scientific  activity,  but  note 
that  the  scientist  does  not  necessarily  proceed  step  by 
step  from  one  activity  to  the  next.  Thus,  observation 
is  part  of  every  scientific  activity;  or,  a scientist  in  the 
process  of  testing  may  observe  that  a certain  phenom- 
enon does  not  conform  to  what  he  thinks  ought  to  be 
happening,  and  as  a result  he  may  start  off  on  a new 
and  perhaps  more  important  track.  The  elementary 
science  curriculum  ought  to  describe  the  scientist's 
methods.  But  in  order  to  ferret  out  contradictions,  in 
order  to  make  children  "think  like  a scientist,"  we  need 
to  emphasize  (1)  logical  thinking,  (2)  the  habit  of  test- 
ing concepts,  and  (3)  the  checking  of  concepts  against 
their  consequences  in  experience.  To  teach  children 
a pat  process  is  not  the  answer;  we  will  return  to  this 
point  later  in  our  discussion. 

The  child,  the  structure,  the  processes — these  are 
the  foundation  stones  of  Science  for  Tomorrow's 
World.  While  we  deal  with  structure  and  processes  in 
succeeding  sections,  there  is  no  separate  section  on  the 
child;  consideration  of  the  learner  is  woven  into  every 
section. 

THE  STRUCTURE  OF  SUBJECT  MATTER  IN  THE 

ELEMENTARY  SCIENCE  CURRICULUM 

In  building  a curriculum,  the  first  obvious  question 
that  we  ask  is,  "What  is  considered  important  for 
children  to  learn  in  the  field  of  science?"  With  man's 
knowledge  expanding  at  a fantastic  rate,  it  becomes 
increasingly  necessary  to  exercise  great  selectivity  in 
choosing  the  subject  matter  that  is  to  be  taught  to 
children.  For  the  past  ten  years,  scientists  and  teachers 
have  been  working  cooperatively  on  this  problem  to 


produce  new  science  materials  for  both  elementary 
and  secondary  schools. 

Let  us  look  at  an  area  commonly  included  in  ele- 
mentary science  curricula — Living  Things.  The  ma- 
jority of  pupils  in  elementary  school  study  living 
things,  but  what  are  the  pupils  expected  to  learn?  Past 
curricula  taught  generalizations  such  as,  "There  are 
many  different  kinds  of  animals,"  "Pets  are  our  animal 
friends,"  "Earthworms  help  to  make  the  soil  good  for 
the  farmer,"  "The  toad  has  a tough,  dry  skin,"  and 
"The  toad  uses  its  forked  tongue  to  catch  insect  pests." 
The  difficulty  with  such  facts  is  that  they  do  not 
explain;  they  do  not  help  the  pupil  to  grasp  the  under- 
lying structure  of  the  science  of  living  things.  Such 
facts  about  natural  phenomena  give  descriptions  in 
only  a general  and  superficial  way. 

In  contrast,  the  present  trend  in  science  teaching 
is  to  emphasize  key  concepts  rather  than  specific  facts. 
Specific  facts  are  included,  but  they  are  seen  in  rela- 
tionship to  the  key  concepts.  Granted  that  the  toad  has 
a tough,  dry  skin;  the  scientist  then  asks,  "What  does 
such  a skin  do  for  the  toad?"  In  answering  this  ques- 
tion, the  scientist  draws  upon  the  key  concept  of  adap- 
tation— adaptation  being  the  adjustment  that  an  or- 
ganism can  make  to  a given  set  of  conditions  because 
the  organism  possesses  certain  structures  that  have  sur- 
vival value  and  that  are  passed  on  to  offspring.  Such  a 
concept  explains  many  phenomena,  from  the  dry  skin 
of  the  toad  to  the  claws  of  the  lobster. 

Next  the  scientist  asks,  "How  does  it  work?"  For 
example,  "How  is  the  forked  tongue  of  the  toad 
adapted  to  the  particular  diet  of  the  toad?"  "What  en- 
ables the  bat  to  hunt  at  night?"  "How  are  the  eyes  of 
the  bat  adapted  to  night  flying?"  These  questions  lead 
to  another  key  concept — the  interdependence  of 
structure  and  function.  Again,  as  with  adaptation,  this 
key  concept  explains  many  phenomena:  The  tongue 
of  the  toad  is  uniquely  built  for  "lightning-quick" 
action  in  catching  and  holding  onto  flying  insects;  the 
eyes  of  nocturnal  animals  have  more  rods  than  do 
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the  eyes  of  other  animals,  and  so  the  nocturnal  ani- 
mals are  able  to  use  the  available  light  to  see  in  very 
dark  places. 

The  question  of,  "How  does  it  work?"  in  relation 
to  living  things  eventually  brings  the  investigator  to 
the  cell,  the  basic  unit  of  life.  The  key  concept  with 
which  he  works  here  is  that  the  cell  can  be  compared 
to  a factory  where  raw  materials  are  processed  accord- 
ing to  chemical  instructions  inherent  in  the  genes  of 
the  cell.  The  cell's  finished  products  are  released  into 
the  bloodstream  to  find  their  way  to  the  appropriate 
part  of  the  organism. 

From  "How  does  it  work?"  the  scientist  goes  on  to 
ask,  "How  did  it  come  about?"  The  answer  to  this  last 
question  lies  in  the  evolutionary  principle  that  indi- 
vidual differences  in  the  offspring  of  an  animal  are 
passed  on  to  succeeding  generations  if  the  differences 
have  survival  value.  Over  millions  of  years,  these  differ- 
ences have  led  to  the  enormous  diversity  of  living 
things  in  existence  today.  For  example,  pupils  can  trace 
from  a common  ancestor  the  gradual  evolution  of 
separate  families  of  dogs  and  cats.  Such  an  activity  is 
more  intellectually  exciting  than  merely  learning  the 
fact  that  "The  dog  is  man's  friend." 

In  the  physical  sciences  also  we  can  find  a contrast 
between  the  "old"  science  and  the  "new"  science 
taught  to  elementary  school  children.  Let  us  take,  for 
example,  the  topic  of  motion.  In  many  programs,  a 
pupil  learns,  "A  wagon  goes  faster  downhill  because 
of  gravity;  gravity  pulls  things  toward  the  center  of 
the  earth."  But  to  tell  a pupil  that  gravity  makes  some- 
thing accelerate  on  a decline  is  only  to  give  a name 
for  the  phenomenon;  it  does  not  really  explain  the 
phenomenon.  For  an  explanation  of  any  motion,  the 
scientist  turns  to  Newton's  three  laws.  The  scientist 
can  predict  from  one  of  them  that  a constant  force 
applied  in  the  direction  of  the  motion  will  make  the 
object  accelerate.  This  key  concept  of  the  effect  of  a 
constant  force  can  be  used  over  and  over  again — to 
explain  why  a bicycle  will  accelerate  even  though  the 


rider  pedals  with  the  same  force  or  why  an  object 
falls  faster  as  it  nears  the  ground. 

The  scientist,  using  another  of  Newton's  laws,  can 
also  predict  that  for  any  action  in  one  direction  there 
is  an  equal  and  opposite  reaction.  Again  we  find  that 
this  key  concept  can  be  used  over  and  over.  The  frog 
is  capable  of  a broad  jump  of  several  feet,  but  only 
by  pushing  backward  against  the  mud  or  sand  from 
which  it  springs.  An  inflated  balloon  released  in  the 
air  will  push  forward  rapidly  as  the  air  inside  the 
balloon  jets  out,  demonstrating  the  principle  of  move- 
ment of  a jet  airplane. 

THE  CONCEPTUAL  FRAMEWORK  OF 
"SCIENCE  FOR  TOMORROW'S  WORLD" 

From  a study  of  what  scientists  themselves  consider 
important  in  science,  the  authors  of  this  series 
have  identified  key  concepts  to  serve  as  the  concep- 
tual framework  for  an  elementary  science  curriculum. 
It  is  interesting  to  note  that  these  concepts  are  limited 
in  number;  in  only  ten  statements,  presented  in  the 
section  that  follows,  we  have  been  able  to  encompass 
the  principal  achievements  of  all  of  science.  These  key 
concepts  are  the  backbone  of  the  science  curriculum 
developed  in  this  series.  Each  of  the  concepts  has  been 
broken  down  into  elements  and  the  elements  arranged 
from  the  simple  to  the  more  complex,  so  that  the  struc- 
ture of  a discipline  is  gradually  acquired  by  pupils  as 
they  progress  through  the  grades.  Examples  of  such  se- 
quential development  follow. 

1 Events  in  the  natural  environment  happen  in  an 
orderly  rather  than  a haphazard  way;  man  searches 
for  laws  to  explain  this  order  by  observing,  hypoth- 
esizing, checking  his  ideas,  and  rejecting  those 
which  do  not  square  with  reality. 

Throughout  his  study  of  science  in  elementary 
school,  the  child  ought  to  come  to  grips  with  the  ques- 
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tion  of  what  science  is  all  about  and  how  the  scientist 
proceeds  to  carry  out  his  work.  To  many  children, 
science  merely  means  such  things  as  satellites  going  off 
into  space,  mysterious  brews  bubbling  over  Bunsen 
burners,  or  tiny  forms  of  life  being  viewed  under 
microscopes.  The  children  identify  conspicuous  activi- 
ties of  some  scientists  as  being  science  itself,  errone- 
ously viewing  the  purpose  of  the  scientist  as  essentially 
practical — to  make  life  easier,  safer,  and  more  livable 
for  man. 

How  can  we  convey  a different  picture?  How  can 
we  help  the  child  to  acquire  a concept  of  science  as  a 
search  for  order  in  the  universe?  Even  the  young  child 
is  aware  of  events  in  the  natural  environment.  He  is 
aware  of  change — day  changing  into  night,  leaves  fall- 
ing and  new  leaves  appearing,  grass  turning  brown 
and  then  green  again,  weather  changing,  living  things 
changing  with  age.  But  what  the  child  is  not  aware  of 
is  that  events  happen  in  an  orderly  rather  than  in  a 
haphazard,  or  chaotic,  way.  The  child  who  first  enters 
school  is  inclined  to  explain  events  by  anthropomor- 
phism, attributing  to  natural  phenomena  either  a hu- 
man knowledge  or  a human-like  will  to  make  things 
happen.  Thus,  grass  turns  green  "because  it  wants  to 
and  because  green  is  prettier,"  and  birds  fly  south  "be- 
cause they  know  that  winter  is  coming."  The  problem 
for  the  teacher  is  to  encourage  and  help  children  to 
view  science  as  an  attempt  to  explain  natural  phe- 
nomena, not  in  terms  of  anthropomorphism,  but  in 
terms  of  certain  fundamental  natural  laws. 

There  are  several  ways  to  accomplish  this  objec- 
tive. The  content  of  science  itself  helps.  The  primary 
school  pupil  studies  tornadoes  not  as  chaotic  events 
but  as  the  result  of  changes  in  air  conditions.  He  finds 
out  that  a seesaw  is  balanced  not  because  "the  see- 
saw wants  to,"  but  because  the  forces  on  each  side  of 
the  seesaw  are  balanced.  Scientific  explanations  for  fa- 
miliar phenomena  help  the  child  appreciate  science. 

Emphasizing  the  key  concepts  that  make  up  the 
structure  of  science  is  another  way  to  help  children 


to  view  science  as  a search  for  order  in  the  universe. 
For  example,  the  child  who  from  the  first  grade  has 
been  exposed  to  basic  concepts  about  the  motion  of 
objects  tends  to  develop  a conception  of  science  as  a 
search  for  basic  laws.  Such  a conception  is  radically 
different  from  the  conception  of  the  child  who  con- 
tinually interprets  events  in  the  world  of  nature  in 
terms  of  their  meaning  for  man  only.  A science  cur- 
riculum that  emphasizes  such  concepts  as  that  some 
animals  are  useful  to  man  conveys  a very  different 
idea  of  science  from  that  conveyed  by  a curriculum  that 
says  that  no  two  offspring  of  an  animal  are  alike; 
differences  passed  on  from  generation  to  generation 
tend  to  accumulate,  so  that  over  millions  of  years  a 
tremendous  variety  of  living  things  has  evolved  on  the 
earth  ("Life  on  the  Earth,"  Book  6). 

Exposing  a pupil  to  the  "scientist's  science"  is  one 
way  of  widening  the  child's  appreciation  of  science. 
Another  way  is  to  include  a historical  perspective  of 
science.  In  Science  for  Tomorrow's  World,  for  ex- 
ample, as  children  find  out  how  man's  ideas  of  the 
solar  system  have  changed  over  the  centuries,  the  chil- 
dren come  to  view  science  as  a questing  for  better 
answers.  One  "Pathfinders  in  Science"  section  in  Book 
3 illustrates  how  the  genius  of  one  man,  Copernicus, 
caused  an  unwieldy  concept  of  what  is  happening  in 
the  world  of  nature  to  be  replaced  by  a more  lawful 
concept — one  that  fitted  the  facts  and  explained  the 
solar  system  more  simply. 

Still  another  way  of  conveying  to  pupils  that  sci- 
ence is  a search  for  laws  that  explain  events  in  the 
natural  environment  is  to  expose  the  children  to  the 
methods  of  science.  Beginning  with  Book  3 of  this 
series,  and  in  each  succeeding  book,  there  is  an  intro- 
ductory unit  that  conveys  to  pupils  what  the  scientist 
tries  to  do  and  how  he  goes  about  his  work.  The 
child  sees  the  importance  of  observation  at  every  point. 
From  observations  of  similar  situations,  he,  like  the 
scientist,  tries  to  extract  a kernel  of  knowledge,  a 
principle  that  has  wide  application.  The  kernel  is  a 
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hypothesis  only,  for  as  the  child  comes  to  realize,  a 
scientific  principle  is  tentative;  it  may  or  may  not  ex- 
plain new  observations,  and  so  ultimately  it  may  have 
to  be  discarded  for  a point  of  view  that  can  deal  more 
successfully  with  the  phenomena  to  be  understood. 
Over  and  over  again,  the  pupil  finds  out  how  man  has 
changed  his  viewpoint  on  many  things — the  nature  of 
changes  on  the  surface  of  the  earth  (Book  3),  the 
movement  of  the  planets  in  the  solar  system  (Books  3 
and  6),  what  light  really  is  (Books  4 and  6),  what 
all  matter  consists  of  (Books  4,  5,  and  6),  and  how 
magnetism  and  electricity  are  related  (Book  6). 

Lawful  change  is  characteristic  of  events  in  the 
natural  environment;  although  living  things  tend 
to  produce  living  things  like  themselves,  over  mil- 
lions of  years  the  earth  and  living  things  on  the 
earth  have  changed,  and  diversified  forms  of  life 
have  evolved. 

As  we  have  pointed  out,  even  the  young  child  is 
conscious  of  changes  in  the  natural  environment,  but 
he  lacks,  as  did  man  for  thousands  of  years,  the  his- 
torical perspective.  The  young  child  does  not  realize 
the  cumulative  effect  of  the  small  changes  that  he  sees 
going  on  about  him.  Waters  may  muddy  as  they  tear 
away  at  the  banks  of  a brook  or  a creek,  but  the 
child  does  not  see  that  a Grand  Canyon  is  ultimately 
produced  by  such  forces.  He  hears  of  a new  breed  of 
insect  that  is  immune  to  DDT,  but  he  does  not  see 
the  same  principle  at  work  producing  the  tremendous 
variety  of  living  things  in  existence  today. 

In  this  series,  throughout  each  of  the  books,  the 
child  is  exposed  to  the  concept  of  orderly  change.  This 
concept  of  orderly  change  over  an  extended  period  of 
time  begins  in  Book  2 with  the  account  of  the  life  cycle 
of  the  moth.  In  Book  3,  the  pupil  is  introduced  to  the 
notion  of  changes  in  living  things  and  in  the  surface 
of  the  earth,  while  in  later  grades  these  changes  are 
spelled  out  in  considerably  more  detail.  For  example. 


in  the  unit  entitled  "How  Animals  Behave"  (Book  6), 
the  reader  finds  out  how  two  separate  families,  dogs 
and  cats,  evolved  gradually  from  a common  ancestor. 

_ To  find  order  in  the  natural  environment,  the  sci- 
entist  seeks  basic  units  that  can  be  put  together 
in  an  almost  infinite  variety  of  ways;  the  cell  and 
the  atom  are  examples  of  such  units. 

We  begin  the  development  of  this  concept  by  help- 
ing the  young  pupil  to  discover  the  fact  that,  like  all 
other  substances,  air  takes  up  space.  In  fact,  the  door 
of  an  "empty"  car  may  be  hard  to  close  because  of 
the  pressure  of  air  inside  the  car.  The  child  can  find 
out  more  about  the  "stuff"  of  which  air  is  made  by 
warming  the  air  in  a closed  glass  container  and 
watching  the  beads  of  water  collect  on  the  cover.  From 
such  experiences  he  discovers  that  matter  can  exist  in 
particles  that  are  too  small  to  be  seen  with  the  naked 
eye — particles  such  as  the  individual  molecules  of 
water  in  a cloud  of  water  vapor  or  the  individual 
cells  that  make  up  the  pupil's  body.  Beginning  in  grade 
4,  he  can  use  a magnifying  glass  to  make  some  very 
small  things  visible  and  to  examine  actual  cells  or 
pictures  of  cells  with  a microscope.  His  knowledge  of 
the  structure  of  the  cell  is  expanded,  bit  by  bit,  and 
the  bits  are  related  more  fully  in  a separate  unit  on 
cells  in  Book  5.  Similarly,  readiness  for  the  study  of 
the  atom  is  built  throughout  the  grades,  culminating 
in  the  chemistry  unit  in  Book  5. 


All  objects  in  the  universe  and  all  particles  of  mat- 
ter are  constantly  in  motion;  man  has  discovered 
and  stated  the  laws  governing  their  motion. 


The  study  of  the  basic  science  of  motion  begins  in 
Book  1.  Here  the  pupil  learns  that  things  do  not  start 
to  move  by  themselves:  A push  or  pull,  called  a 
force,  is  necessary  to  make  a thing  move.  As  the  pupil 
advances  to  Book  6,  page  106,  he  will  learn  the  formal 


name  for  the  principle  introduced  here — the  principle 
of  inertia — but  for  the  first  grade,  the  concept  is  de- 
veloped without  use  of  a formal  name.  The  second 
grade  pupil  learns  more  about  the  laws  of  motion: 
Once  an  object  is  moving,  it  continues  to  move  in  the 
same  direction  and  at  the  same  speed,  unless  another 
force  acts  upon  it;  for  example,  a passenger  in  a car 
continues  to  move  forward  when  the  car  stops  sud- 
denly, unless  a force  in  the  opposite  direction  is 
applied  by  an  opposing  object,  such  as  a seat  belt.  In 
Book  2,  he  also  discovers  that  a steady  force  on  an 
object  in  motion  will  make  the  object  speed  up.  In 
Book  5,  the  pupil  delves  into  the  discoveries  of  New- 
ton and  learns  that  an  object  shot  off  into  space  has 
two  kinds  of  force  acting  on  it — a forward  force,  caus- 
ing the  object  to  continue  in  the  same  path  and  at  the 
same  speed  at  which  it  started  (a  review  of  the  con- 
cept taught  in  Book  2),  and  a downward  force, 
resulting  from  the  force  of  gravity  (a  review  of  a con- 
cept taught  in  Book  3).  The  effect  of  these  two  kinds 
of  force  working  on  the  object  is  that  the  object  fol- 
lows a curved  path,  since  the  constant  forward  force 
of  the  object  is  continually  being  deflected  by  the 
constant  force  of  gravity. 

The  motions  of  heavenly  bodies  and  the  laws  gov- 
erning those  motions  are  also  presented  in  step-by-step 
fashion.  The  primary  grade  pupil  finds  out  how  move- 
ments of  the  earth  in  relation  to  the  sun  cause  daily 
and  seasonal  changes,  while  the  intermediate  grade 
child  studies  the  differing  theories  of  Ptolemy  and  Co- 
pernicus to  better  understand  the  motions  in  the  solar 
system.  The  movement  of  stars  as  a navigational  aid 
is  explained  in  Book  8,  and  the  meaning  and  use  of 
time  zones  is  included  in  Book  9. 

Not  only  are  the  motions  of  the  largest  objects  in 
the  universe  covered  by  this  key  concept,  but  so  also 
are  the  motions  of  the  smallest  particles.  In  grade  4, 
the  pupil  is  first  introduced  to  the  concept  of  molecules 
and  their  motion  in  moving  air.  The  grade  5 pupil 
learns  that  the  state  of  matter — solid,  liquid,  or  gas — 


is  determined  by  the  motion  of  molecules,  and  the 
grade  6 pupil  finds  out  about  the  rotations  of  elec- 
trons within  the  atom. 

The  study  of  motion  is  not  confined  to  the  physical 
sciences.  As  the  pupil  studies  the  circulation  of  blood 
(Books  3 and  5),  the  transportation  systems  of  plants 
(Books  4 and  6),  and  the  movement  of  materials  in  and 
out  of  cells  (Books  3,  4,  5,  and  6),  he  has  the  oppor- 
tunity to  apply  physical  principles  (such  as  the  concept 
of  diffusion)  to  the  functioning  of  living  organisms. 

5 The  motion  of  particles  helps  to  explain  such 
phenomena  as  heat,  light,  electricity,  magnetism, 
and  chemical  change. 

To  the  elementary  school  pupil,  it  may  seem  un- 
real that  the  particles  of  matter  in  all  objects  are  con- 
stantly in  motion.  It  may  be  hard  for  him  to  think  of 
his  desk,  for  example,  as  being  made  up  of  moving 
particles.  In  his  desk,  as  in  any  solid,  the  average  posi- 
tion of  the  particles  is  fixed;  they  cannot  move  past 
one  another,  although  they  can  vibrate.  But  if  the  pu- 
pil rubs  his  fist  hard  and  fast  over  the  surface  of  the 
desk,  the  spot  warms  up  as  the  particles  move  more 
rapidly  and  farther  apart.  He  can  infer  from  certain 
experiences — the  transfer  of  heat  from  warm  things  to 
cold  things,  the  expansion  of  hot  objects  and  the  con- 
traction of  cold  objects,  the  heating  up  of  a wire  carry- 
ing an  electric  current,  the  growing  of  a crystal  in  so- 
lution, the  process  of  chemical  change — that  particles 
do  exist  and  that  they  must  be  in  motion  to  produce 
the  phenomena  he  is  observing.  In  fact,  it  is  only  as 
the  pupil  becomes  aware  of  the  motion  of  molecules 
that  he  can  understand  such  phenomena  as  heat,  light, 
electricity,  magnetism,  and  chemical  change. 

Readiness  for  the  concept  of  molecular  activity  be- 
gins in  the  primary  grades.  In  Book  1,  the  child  dis- 
covers that  there  is  a relationship  between  tempera- 
ture and  rate  of  evaporation.  In  Book  2,  the  effect  of 
heat  upon  volume  of  gases  and  liquids  is  introduced. 
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as  is  the  relationship  of  heat  to  changes  in  state  of 
matter  from  solid  to  liquid  to  gas.  In  Book  4,  the  pupil 
finds  out  about  electron  motion  in  current  electricity, 
and  in  Books  5 and  6,  he  learns  about  the  structure  of 
the  atom  and  the  concept  of  the  motion  of  particles 
applied  explicitly  to  heat,  light,  electricity,  magnetism, 
and  chemical  change. 

5 There  is  a basic  tendency  toward  stability  or  equi- 
librium in  the  universe;  thus,  energy  and  matter 
may  be  transformed,  but  the  sum  total  of  matter 
and  energy  is  conserved. 

Beginning  with  Book  2,  pupils  get  their  first  ex- 
posure to  one  of  the  key  concepts  of  science — conser- 
vation of  matter.  At  this  level,  pupils  discover  that  the 
matter  (a  ball  of  cookie  dough)  remains  the  same 
even  though  the  matter  may  be  transformed  in  appear- 
ance (made  into  cookies).  In  grade  3,  in  connection 
with  a study  of  changes  on  the  earth,  pupils  find  out 
that  while  a river  may  cut  deeper  and  deeper  into  its 
bed,  carrying  away  soil  in  the  process,  the  soil  that  is 
carried  away  does  not  dissolve  into  nothingness  in  the 
water.  The  soil  may  be  transported  and  dropped  at 
the  river's  mouth,  but  it  is  not  lost.  The  total  amount 
of  matter  in  the  system  at  any  point  in  the  transfor- 
mation remains  the  same. 

Similarly,  the  pupil  learns  that  energy  can  be 
transformed.  The  primary  child  can  understand  that 
energy  in  the  form  of  gasoline  in  the  tank  of  a car 
must  be  transformed  by  burning  if  the  car  is  to  be 
able  to  move.  In  the  same  way,  energy  is  produced  in 
the  body  when  food  is  burned  during  the  digestive 
process.  Furthermore,  there  is  a relationship  between 
the  amount  of  energy  available  to  do  work  and  the 
intake  of  fuel  or  food.  A car  without  gas  will  stop, 
and  a hungry  person  soon  becomes  tired.  Such  com- 
monplace, easily  understood  examples  provide  the 
basis  for  understanding  the  concept  that  although  man 
may  make  transformations  in  a system,  the  equation 


for  the  system  will  balance  at  the  end  of  the  trans- 
formation. 


7 When  equilibrium  is  upset  in  organism-environ- 
ment interactions,  regulatory  mechanisms  go  to 
work  to  restore  equilibrium. 

This  key  concept  involves  the  basic  tendency  of 
organisms  to  strive  for  equilibrium.  Temperature  regu- 
lation is  one  of  the  best-known  examples.  In  human 
beings,  equilibrium  with  respect  to  body  temperature 
exists  at  about  98.6°  F.  Evaporation  of  water  from  any 
surface  has  a cooling  effect.  When  the  body  becomes 
overheated,  we  perspire,  and  equilibrium  is  restored; 
when  the  body  is  chilled,  goose  bumps  on  the  skin 
reduce  the  exposure  of  blood  vessels  to  the  cold,  and 
body  heat  is  conserved.  When  equilibrium  in  body 
temperature  is  restored,  the  goose  bumps  subside. 

From  the  simplest  plants  and  animals  to  the  most 
complex,  we  can  find  illustrations  of  how  certain  mech- 
anisms go  to  work  to  restore  equilibrium  when  it 
has  been  upset.  These  mechanisms  serve  the  function 
of  helping  the  organism  to  survive. 

8 There  is  a relationship  between  structure  and  func- 
tion; the  structure  of  parts  of  living  organisms 
determines  the  function  of  those  parts. 

In  the  development  of  this  key  concept,  we  use  the 
same  approach  as  for  the  other  key  concepts  in 
Science  for  Tomorrow's  World.  We  begin  in  the  pri- 
mary grades  with  examples  of  the  relationship  between 
structure  and  function.  Even  the  first  grade  pupil  can 
observe  in  real  life  or  in  pictures  that  not  all  birds  can 
scoop  up  fish  from  the  sea  or  dig  for  insects  in  the 
trunk  of  a tree.  Observations  lead  to  the  concept  that 
the  beak  structure  of  a bird  enables  the  bird  to  obtain 
food  in  a special  way — a concept  that  leads  to  further 
observation  and  discovery  of  more  specifics.  For  the 
older  pupil,  the  relationship  is  stated  explicitly.  First 


the  pupil  is  exposed  to  many  examples:  in  the  unit  on 
“How  Animals  Behave"  (Book  6),  there  is  a detailed 
discussion  of  the  sensory  receptors  of  animals — from 
the  planarian  to  the  fish.  The  remarkable  chemical  re- 
ceptors of  the  male  fish  not  only  enable  it  to  detect 
male-female  differences  in  other  fish  of  the  same  spe- 
cies, but  also  to  detect  when  the  female  is  ready  to 
mate.  Even  the  simple  planarian,  as  pupils  can  ob- 
serve, uses  chemical  receptors  on  each  side  of  its  head 
to  detect  food,  waving  the  receptors  from  side  to  side 
to  find  the  greatest  source  of  stimulation.  Thus,  the 
key  concept  is  stated  for  the  pupils:  "The  way  in 
which  sensory  receptors  are  made  (their  structure)  is 
related  to  how  they  work."  The  pupils  are  then  asked 
to  apply  the  concept  to  any  independent  observations 
they  make  of  animals  not  discussed  in  the  text. 

9 The  scientist  has  developed  measures  of  space, 
time,  and  matter  so  that  he  can  communicate  ex- 
planations that  are  reproducible  and  make  pre- 
dictions about  events  in  the  natural  environment. 

That  there  is  a relationship  between  mathematics 
and  science  is  common  knowledge.  The  student,  how- 
ever, should  be  encouraged  to  deal  with  the  relation- 
ship well  before  he  has  to  use  calculus  in  high  school 
physics;  as  is  true  for  other  key  concepts  in  the  basic 
structure  of  science,  readiness  should  begin  in  the  pri- 
mary grades. 

The  first  step  in  a pupil's  appreciation  of  the  rela- 
tionship between  mathematics  and  science  is  to  have 
him  quantify  his  data.  This  can  begin  in  the  first 
grade.  A pupil  learns  that  a seesaw  is  in  equilibrium 
when  the  same  number  of  books  of  equal  size  and 
weight  are  placed  equidistant  on  both  sides  of  the  ful- 
crum. Through  experience,  he  learns  to  coordinate 
weight  and  distance  in  a systematic  way;  a large  weight 
at  a small  distance  on  one  side  balances  a small  weight 
at  a large  distance  on  the  other  side.  Quantification  of 
data  extends  to  record  keeping,  and  record  keeping 
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involving  two  variables  is  encouraged.  In  Book  2,  for 
example,  pupils  learn  to  keep  a record  of  the  tempera- 
tures of  jars  of  water  that  have  been  covered  with 
materials  of  different  colors.  The  children  also  learn 
to  record  the  length  of  time  that  the  jars  are  kept  in 
the  sun.  Thus,  both  temperature  and  time  are  recorded. 
The  important  mathematical  concept  of  function — 
that  a change  in  one  variable  can  result  from  a change 
in  another — receives  reinforcement  here.  Record  keep- 
ing in  the  form  of  a double-entry  table  is  encouraged. 
Use  of  such  tables  need  not  be  postponed  until  the 
upper  grades;  even  a pupil  in  the  second  grade  can 
learn  to  read  a double-entry  table,  as  well  as  to  classify 
certain  objects  in  terms  of  size  and  weight: 


SIZE 


Small 

Large 

Light 

Heavy 

1 

1 

This  chart,  for  example,  shows  that  of  the  objects 
to  be  classified,  two  are  small  and  light,  one  is  large 
and  light,  three  are  small  and  heavy,  and  two  are 
large  and  heavy. 

Many  experiences  of  this  kind  help  the  pupil  to 
develop  the  mental  agility  needed  to  deal  with  con- 
cepts involving  two  variables.  Thus,  in  Science  for  To- 
morrow's World,  speed  is  defined  in  terms  of  distance 
covered  in  a certain  length  of  time;  density  is  defined 
by  the  amount  of  matter  contained  in  a given  volume 
of  space;  force  is  defined  by  the  relationship  between 
mass  and  acceleration.  The  pupil  who  can  see  such 
concepts  on  a graph  is  clearly  better  equipped  to  deal 
with  these  concepts.  He  can  think  more  understand- 
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ingly  about  them  because  his  mind  has  been  trained 
to  think  in  this  fashion  during  the  period  of  his  ele- 
mentary school  years. 

Two  units  in  particular  in  Science  for  Tomorrow's 
World  are  devoted  to  the  relationship  between  mathe- 
matics and  science.  Book  5 contains  a unit  on  "Testing 
Ideas,"  which  introduces  pupils  to  probability  theory; 
an  entire  unit  in  Book  6 is  devoted  to  developing  the 
concepts  of  "a  unit  of  measurement"  and  the  "mean- 
ing and  methods  of  measuring  space,  time,  and  mat- 
ter." 


10 


Man  has  changed  and  continues  to  change  the 
natural  environment;  but  because  he  is  often 
ignorant  of  long-range  consequences,  his  actions 
may  have  harmful  effects  for  himself  and  for 
other  living  organisms. 


One  of  the  basic  problems  facing  modern  man  is 
that  of  maintaining  a dynamic  equilibrium  with  his 
environment.  It  is  commonplace  today  to  point  out  the 
rapid  pace  at  which  man  is  depleting  elements  of  his 
environment.  Water  and  air  pollution,  overpopulation, 
and  improper  use  of  chemicals  are  only  a few  of  the 
many  problems  that  man  must  solve  if  he  is  to  function 
at  an  optimum  level  in  the  world  of  nature.  Many  such 
problems  arise  because  man  does  not  foresee  the  long- 
range  consequences  of  his  actions.  For  example,  no 
one  was  able  to  predict  that  the  wholesale  use  of  DDT 
for  the  spraying  of  insects  would  result  in  the  killing  of 
many  birds,  or  that  the  clam  and  oyster  industries 
along  parts  of  the  Atlantic  seaboard  would  be  threat- 
ened by  the  dumping  of  wastes  into  coastal  waters. 
Man  must  begin  to  develop  foresight  if  he  is  to  sur- 
vive; he  must  become  more  concerned  with  the  total 
natural  environment. 

There  are  moral  and  philosophical,  as  well  as  sci- 
entific, considerations  involved  in  the  above  key  con- 
cept about  man  and  the  natural  environment,  and 
obviously  the  elementary  school  child  is  not  equipped 


to  deal  with  them.  But  even  a second  grade  pupil  is 
capable  of  understanding  that  living  things  need  air, 
water,  food,  and  proper  temperatures  to  survive.  He 
can  find  out  by  experimentation  what  happens  to 
plants  deprived  of  one  or  more  of  these  essentials  of 
life.  Third  grade  children  can  learn  what  is  needed  to 
make  safe  drinking  water  and,  also,  how  man  has  con- 
tributed to  water  pollution.  By  the  fifth  and  sixth 
grades,  pupils  are  ready  for  a study  in  greater  depth 
of  some  of  the  many  other  problems  of  man's  own 
making  ("Life  on  the  Earth,"  Book  6).  Of  course, 
pupils  cannot  arrive  at  solutions  to  these  problems, 
but  the  teacher  can  create  a climate  of  opinion  so  that 
in  later  years,  as  adults,  these  same  pupils  will  be 
more  aware  of  both  the  necessity  of  managing  natural 
resources  with  greater  intelligence  and  the  long  and 
thorough  pilot  studies  that  are  needed  before  any  new 
products  and  solutions  can  receive  full-scale  ap- 
plication. 

The  ten  key  concepts  that  we  have  discussed  form 
the  structure  of  science  in  The  Macmillan  Science 
Series.  Two  things  are  worth  emphasizing  about  these 
key  concepts.  The  first  is  that  all  of  the  structure  of 
science  can  be  set  forth  in  so  short  a list;  the  second 
is  that  there  is  considerable  agreement  among  scien- 
tists that  these  ten  key  concepts  actually  do  structure 
science.  The  reader  may  be  interested  in  comparing  the 
key  concepts  basic  to  The  Macmillan  Science  Series 
with  the  set  of  propositions  published  by  the  National 
Science  Teachers  Association.  These  propositions  are 
the  result  of  extensive  studies  concerning  the  question 
of  what  to  teach  elementary  school  children.  These 
studies  were  carried  out  by  scientists  and  teachers 
working  together.  The  following  list,  quoted  from 
Theory  into  Action,  published  by  the  National  Science 
Teachers  Association,  Washington,  D.C.,  (1964)  repre- 
sents seven  conceptual  schemes  and  five  major  items 
in  the  process  of  science  that  were  tentatively  defined 
by  the  NSTA  Committee  as  constituting  the  structure 
of  science. 


7.  All  matter  is  composed  of  units  called  fun- 
damental particles;  under  certain  conditions, 
these  particles  can  be  transformed  into  energy, 
and  vice  versa. 

2.  Matter  exists  in  the  form  of  units  which  can 
be  classified  into  hierarchies  of  organizational 
levels. 

3.  The  behavior  of  matter  in  the  universe  can 
be  described  on  a statistical  basis. 

4.  Units  of  matter  interact.  All  ordinary  inter- 
actions are  either  electromagnetic,  gravita- 
tional, or  nuclear  forces. 

5.  All  interacting  units  of  matter  tend  toward 
equilibrium  states  in  which  the  energy  content 
. . . is  at  a minimum  and  the  energy  distribution 
. . . is  most  random.  In  the  process  of  attaining 
equilibrium,  energy  transformations  or  matter 
transformations  or  matter-energy  transforma- 
tions occur.  Nevertheless,  the  sum  of  energy 
and  matter  in  the  universe  remains  constant. 

6.  One  of  the  forms  of  energy  is  the  motion 
of  units  of  matter.  Such  motion  is  responsible 
for  heat  and  temperature  and  for  the  states 
of  matter:  solid,  liquid,  and  gas. 

7.  All  matter  exists  in  time  and  space,  and, 
since  interactions  occur  among  its  units,  matter 
is  subject  in  some  degree  to  changes  with  time. 
Such  changes  may  occur  at  various  rates  and 
in  various  patterns.  ' 

The  following  are  the  five  major  items  identified 
as  essential  to  the  process  of  science: 

7.  Science  proceeds  on  the  assumption,  based 
on  centuries  of  experience,  that  the  universe 
is  not  capricious. 

2.  Scientific  knowledge  is  based  on  observa- 
tions of  samples  of  matter  that  are  accessible 
to  public  investigation  in  contrast  to  purely 
private  inspection. 


3.  Science  proceeds  in  piecemeal  manner, 
even  though  it  also  aims  at  achieving  a sys- 
tematic and  comprehensive  understanding  of 
various  sectors  or  aspects  of  nature. 

4.  Science  is  not,  and  will  probably  never  be, 
a finished  enterprise,  and  there  remains  very 
much  more  to  be  discovered  about  how  things 
in  the  universe  behave  and  how  they  are  inter- 
related. 

5.  Measurement  is  an  important  feature  of 
most  branches  of  modern  science  because  the 
formulation  as  well  as  the  establishment  of 
laws  is  facilitated  through  the  development 
of  quantitative  distinctions. 


SEQUENCE  IN  THE  SCIENCE  CURRICULUM 

The  task  of  curriculum  building  in  science  in- 
cludes a number  of  steps,  the  first  of  which  is  the 
identification  of  the  key  concepts  that  together  add  up 
to  an  understanding  of  the  meaning  of  science.  These 
key  concepts  have  already  been  discussed.  We  have 
included  in  Science  for  Tomorrow's  World,  at  the  vari- 
ous grade  levels,  illustrations  of  these  key  concepts 
so  that  the  children  may  see  them  materialized  in 
learning  situations.  However,  it  is  also  essential  that 
each  key  concept  systematically  be  broken  down  into 
smaller  pieces  of  relevant  information.  These  smaller 
pieces  must  be  arranged  in  sequential  order  from 
simple  to  the  more  complex,  and  the  pieces  must  be 
assigned  to  proper  grade  levels. 

A well-constructed  development  of  concepts, 
taught  in  "spiral  fashion"  throughout  the  elementary 
school  years  (reinforcing  every  other  year  or  two  what 
has  been  learned  earlier,  and  then  advancing  to  a 
higher  level  of  understanding)  is  essential  for  a mean- 
ingful understanding  of  science.  The  charts  on  the 
next  two  pages  illustrate  the  sequence  that  has  been 
developed  in  Science  for  Tomorrow's  World. 
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*1  Events  in  the  natural  environment  happen  in  an  orderly  rather  than  a haphazard 
way;  man  searches  for  laws  to  explain  this  order  by  observing,  hypothesizing, 
checking  his  ideas,  and  rejecting  those  which  do  not  square  with  reality. 

2 Lawful  change  is  characteristic  of  events  in  the  natural  environment;  although 
living  things  tend  to  produce  living  things  like  themselves,  over  millions  of 
years  the  earth  and  living  things  on  the  earth  have  changed,  and  diversified 
forms  of  life  have  evolved. 

3 To  find  order  in  the  natural  environment,  the  scientist  seeks  basic  units  that 
can  be  put  together  in  an  almost  infinite  variety  of  ways;  the  cell  and  the 
atom  are  examples  of  such  units. 

4 All  objects  in  the  universe  and  all  particles  of  matter  are  constantly  in  motion; 
man  has  discovered  and  stated  the  laws  governing  their  motion. 

5 The  motion  of  particles  helps  to  explain  such  phenomena  as  heat,  light, 
electricity,  magnetism,  and  chemical  change. 


BOOKS  IN  WHICH 
KEY  CONCEPTS 
ARE  DEVELOPED 
AND  THE  NUMBER 
OF  UNITS  IN 
EACH  BOOK 
DEALING  WITH 
THE  CONCEPT 
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0 There  is  a basic  tendency  toward  stability  or  equilibrium  in  the  universe;  21 

thus,  energy  and  matter  may  be  transformed,  but  the  sum  total  of  matter 
and  energy  is  conserved. 

7 When  equilibrium  is  upset  in  organism-environment  interactions,  regulatory 
mechanisms  go  to  work  to  restore  equilibrium. 

g There  is  a relationship  between  structure  and  function;  the  structure  of  parts 
of  living  organisms  determines  the  function  of  those  parts. 

9 The  scientist  has  developed  measures  of  space,  time,  and  matter  so  that  he 
can  communicate  explanations  that  are  reproducible  and  make  predictions 
about  events  in  the  natural  environment. 

10  Man  has  changed  and  continues  to  change  the  natural  environment;  but  be- 
cause he  is  often  ignorant  of  long-range  consequences,  his  actions  may  have 
harmful  effects  for  himself  and  for  other  living  organisms. 
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TEACHING  UNITS 

Once  major  generalizations  have  been  identified 
and  the  flow  of  ideas  from  grade  to  grade  is  roughed 
out,  it  then  becomes  necessary  to  plan  teaching  units 
suitable  to  the  developmental  level  of  the  child.  Each 
unit  covers  a period  of  instruction  varying  in  length 
from  two  to  four  weeks.  Such  an  arrangement  of  text 
material  in  eight  or  nine  major  blocks  of  subject  mat- 
ter permits  more  efficient  teaching  and  learning  than 
when  a text  is  divided  into  thirty  chapters  with  a dif- 
ferent topic  for  each  chapter.  Under  the  unit  arrange- 
ment the  teacher  does  not  shift  gears  every  few  days, 
having  to  gather  equipment  with  each  shift  as  well  as 
having  to  reorient  pupils'  thinking. 

The  Table  of  Contents,  which  lists  the  titles  of 
each  unit  of  the  first  six  books,  is  reproduced  in  Part 
IV.  By  looking  at  the  titles,  a teacher  can  tell  at  a 
glance  whether  or  not  the  pupils  have  had  any  previ- 
ous exposure  to  a particular  area.  The  sequence 
charts  on  page  20  will  reveal  the  amount  and  quality 
of  the  exposure. 

An  examination  of  the  titles  reveals  some  immedi- 
ately familiar  areas  in  science  education.  Such  topics 
as  "Probing  the  Atmosphere,"  "Living  Things — Green 
Plants,"  "Light  and  Sight,"  and  "Using  Electricity" 
have  been  part  of  the  elementary  science  curriculum 
for  many  years;  although,  as  has  already  been  pointed 
out,  the  specifics  taught  under  each  topic  have  often 


been  different.  In  studying  about  light,  for  example, 
the  children  do  not  learn  only  that  light  is  made  up  of 
particles  traveling  in  a straight  line;  the  children  also 
learn  that  light  particles  travel  in  a wave  motion,  simi- 
lar to  the  motion  of  a water  wave  when  a pebble  is 
dropped  into  a pond.  Elements  of  key  concepts  are 
built  into  the  topics,  so  that,  although  the  topic  itself 
is  not  new  to  the  curriculum,  each  element  becomes 
a vehicle  for  teaching  the  structure  of  science  from  a 
contemporary  point  of  view. 

Some  topics  reveal  new  developments  in  the  sci- 
ences. Conservation  of  water  resources  and  problems 
of  air  pollution  are  being  emphasized  today  as  much 
as  conservation  of  soil  was  emphasized  a few  decades 
ago.  This  trend  is  reflected  in  the  unit  "Life  on  the 
Earth"  (Book  6).  Oceanography,  for  another  exam- 
ple, is  a rapidly  expanding  field  of  knowledge.  With 
so  many  basic  scientific  data  now  known  about  life 
in  the  sea,  ocean  currents,  salinity,  and  the  geology  of 
the  ocean  floor,  the  study  of  oceanography  well  de- 
serves a place  in  the  elementary  science  curriculum. 
The  picture  story  "Probing  the  Oceans"  (Book  5)  high- 
lights the  work  of  oceanographers  at  the  Woods  Hole 
Oceanographic  Institution,  Woods  Hole,  Massachu- 
setts, and  will  stimulate  interest  in  this  exciting  field. 
Similarly,  the  stepped-up  pace  of  man's  exploration  of 
space  leads  not  only  to  the  inclusion  of  space  travel, 
but  also  to  an  increased  emphasis  on  the  science  of 
astronomy. 
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PART  II:  HOW  CHILDREN  ACQUIRE  SCIENCE  KNOWLEDGE: 
A DEVELOPMENTAL  APPROACH 


For  any  discussion  of  how  children  acquire  science 
knowledge,  educators  today  lean  heavily  on  the 
work  of  Jean  Piaget,  a Swiss  psychologist  who  has 
been  working  with  his  collaborators  in  Geneva  for 
over  40  years  on  the  study  of  cognitive  processes.  Cog- 
nitive processes  are  those  intellective  processes  by 
which  knowledge  is  acquired.  Piaget  has  developed  a 
theory  of  how  these  processes  begin  in  infancy  and 
how  they  change  as  the  child  matures.  His  theory  is 
a developmental  one;  characteristics  of  children's 
thinking  are  described  in  age-related  stages.  On  the 
basis  of  Piaget's  theory,  we  can  predict  the  thought 
processes  of  children  within  a certain  age  range.  There 
are,  of  course,  individual  differences  in  maturity  of 
thinking;  some  children,  because  of  heredity  and  ex- 
perience, are  more  advanced  than  others;  but,  accord- 
ing to  Piaget,  the  thinking  of  all  children  tends  to  go 
through  the  same  stages  and,  on  the  average,  when 
they  are  at  the  same  age. 

Piaget's  description  of  developmental  stages  in 
children's  thinking  has^  generated  a tremendous 
amount  of  research  on  both  sides  of  the  Atlantic. 
Many  investigators  have  worked  on  the  problem  of 
whether  or  not  his  theory  is  a valid  one.  The  conclu- 
sion to  date  is  affirmative;  the  same  stages  characterize 
the  thinking  of  Swiss,  Norwegian,  English,  French, 
Canadian,  and  American  children.  In  fact,  when  the 
tests  developed  by  Piaget  and  his  chief  collaborator. 
Barbel  Inhelder,  are  given  to  subjects  in  different 
countries,  investigators  report  that  translations  show 
almost  identical  wording  in  children's  answers.  Ameri- 
can cognitive  psychologists,  like  Jerome  Bruner  of 
Harvard  University,  have  extended  and  refined  Pia- 
get's theory,  so  that  today  we  have  a well-constructed 
and  validated  model  of  the  thinking  processes  involved 
in  the  acquisition  of  knowledge.  An  understanding  of 


how  children  acquire  knowledge  is  basic  to  improve- 
ment of  the  teaching-learning  process;  we  cannot  help 
children  to  become  better  thinkers  unless  we  know 
something  about  thinking  processes  and  how  they 
change  with  age,  nor  can  we  construct  effective  text- 
books without  taking  into  account  developmental 
changes  in  cognition. 

How  can  we  put  the  findings  of  Piaget  and  other 
cognitive  psychologists  to  work  in  teaching  science? 
As  we  have  pointed  out,  one  of  the  aims  of  science 
educators  is  to  teach  the  methods  of  science,  to  teach 
the  child  to  use  the  same  logical  processes  of  thinking 
that  a scientist  uses  to  solve  problems.  For  too  long, 


teaching  the  methods  of  science  has  meant  teaching 
children  to  follow  a formula:  Observe;  Hypothesize; 
Test;  Evaluate.  The  formula  is  still  valid,  but  it  is  not 
enough.  The  child  in  primary  grades  does  observe, 
but,  as  we  know  from  Piaget's  work,  he  is  likely  to 
focus  on  the  wrong  property  of  an  object  or  event 
as  he  observes.  Similarly,  the  pupil  in  intermediate 
grades  does  hypothesize,  but  if  he  picks  out  the  wrong 
variable  for  testing,  he  doesn't  know  what  to  do  next. 
Nor  does  he  know  what  to  do  next  if  he  gets  positive 
results  from  testing,  for  he  doesn't  know  the  specifics 
of  “Evaluate";  he  doesn't  know,  for  example,  that  he 
must  test  for  exclusion  of  other  variables. 

In  developing  Science  for  Tomorrow's  World  we 
set  as  goals  that  the  texts  should  not  only  help  the 
child  build  a structure  of  science  (the  scientist's  sci- 
ence), but  should  also  develop  logical  thought  proc- 
esses. We  believe  that  the  study  of  science  can  help 
children  become  better  thinkers,  but  that  there  must 
be  deliberate  planning  to  achieve  this  end;  the  im- 
provement of  thinking  processes  should  not  be  left  to 
chance.  Guided  by  the  discoveries  of  Piaget  and  other 
cognitive  psychologists,  we  have  used  content,  activi- 
ties, and  illustrations  in  the  series  to  foster  logical 
thinking.  We  will  now  discuss  what  is  known  about 
the  normal  course  of  intellective  development,  before 
discussing  how  that  knowledge  can  be  put  to  use  in 
teaching  science. 

For  Piaget  the  development  of  intelligence  begins 
as  early  as  the  cradle  stage  and  continues  through 
stages  from  birth  to  maturity.  The  first  stage  Piaget 
calls  the  sensorimotor.  The  infant  comes  into  the  world 
with  two  kinds  of  reflexes:  those,  such  as  the  knee- 
jerk,  that  are  not  altered  by  experience,  and  others, 
such  as  grasping  and  sucking,  that  are  modified  as  the 
infant  exercises  them.  The  modification  occurs 
through  assimilation  and  accommodation.  The  infant, 
for  example,  accommodates  the  grasping  reflex  to  the 
shape  of  the  object  to  be  grasped,  curving  his  fingers 
one  way  to  grasp  a long  narrow  object,  and  in  a dif- 


ferent way  to  grasp  a ring.  During  the  first  18 
months,  the  infant  carries  on  countless  transactions 
involving  space,  time,  matter,  and  causality  which 
build  and  reshape  developing  mental  structures.  Wit- 
ness what  happens  with  respect  to  the  notion  of  perma- 
nence of  object.  To  the  2-month-old  infant,  the  game 
of  peek-a-boo  is  meaningless;  for  him  an  object  ceases 
to  exist  when  it  disappears  from  view,  and  out-of-sight 
is  out-of-mind.  Later  in  the  first  year  of  life,  the  infant 
knows  that  an  object  continues  to  exist  and  delights 
in  searching  for  it  when  it  is  hidden.  He  “knows,"  not 
in  words,  but  in  his  sensorimotor  system,  in  much  the 
same  way  that  we  may  “know"  how  to  find  our  way 
through  a still  strange  building  the  second  time.  For 
Piaget,  sensorimotor  intelligence  is  the  intelligence  of 
action.  The  infant  must  first  carry  out  displacements 
in  his  actions,  rather  than  in  thought.  If  an  object  is 
hidden  first  in  one  place  and  then  another  while  the 
toddler  looks  on,  he  must  carry  on  a physical  search 
for  that  object,  going  from  cushion  to  cushion;  he  can- 
not sit  back  and  point  triumphantly  to  where  the  ob- 
ject is,  for  he  cannot  visualize  its  displacement  in  his 
mind.  However,  by  18  months  the  child  is  capable  of 
representation,  of  imagining  the  environment  other 
than  as  he  directly  perceives  >t. 

The  next  stage,  the  preoperational,  extends  from 
18  months,  roughly,  to  about  7 years.  It  is  in  this 
stage  that  we  find  most  first  and  second  grade  chil- 
dren— and,  of  course,  some  children  even  older  than 
7 years.  This  stage  is  called  “preoperational"  because 
the  child  does  not  use  logical  operations  in  his  think- 
ing. We  can  summarize  the  characteristics  of  pupils' 
thinking  at  this  level  as  follows: 

1.  The  child  is  perceptually  oriented;  he  makes 
judgments  in  terms  of  how  things  look  to  him.  When 
given  a problem  in  which  two  lines  of  ten  segmented 
sticks  of  equal  length  are  laid  out  in  parallel  rows,  he 
will  see  that  both  lines  are  equal.  He  will  see  that  two 
dolls,  walking  along  these  paths,  would  each  walk  the 
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same  total  distance.  But  if  one  of  the  rows  is  rear- 
ranged in  a zig-zag  fashion,  when  the  child  is  again 
asked  if  each  doll  takes  as  long  a walk  as  the  other, 
the  child  says,  "No."  Even  when  he  counts  the  seg- 
ments, he  denies  equality;  the  child  does  not  see  that 
there  is  a logical  necessity  in  which  ten  must  equal 
ten.  Piaget  has  shown  that  this  same  type  of  perceptual 
judgment  enters  into  the  preoperational  child's  think- 
ing about  space,  time,  number,  and  causality.  It  is 
only  as  the  child  goes  beyond  his  perceptions  to  per- 
form displacements  upon  the  data  in  his  mind  (for 
example,  visualizing  the  second  row  of  sticks  straight- 
ened out  again)  that  conservation  appears. 

2.  The  child  centers  on  one  variable  only,  usually 
the  variable  that  stands  out  visually;  he  lacks  the  abil- 
ity to  coordinate  variables.  For  example,  a kinder- 
garten child  is  pouring  juice  into  paper  cups.  The 
standard-size  cups  run  out,  and  the  teacher  substitutes 
some  that  are  much  higher  but  are  also  smaller  in 
diameter.  As  the  children  drink  their  juice,  several 
comment  on  the  fact  that  jimmy,  Eddie,  and  Danny 
have  more  juice.  Why?  Because  those  children  have 
cups  that  are  taller.  The  dimension  of  height,  not 
width,  stands  out.  The  child's  thinking  is  rigid;  he 
does  not  perform  operations  on  what  he  sees.  Later  he 
will  reason  that  "higher  than"  is  compensated  for  by 
"skinnier  than,"  and  that  both  kinds  of  cups  may  hold 
the  same  amount  of  juice.  This  ability  to  see  reciprocal 
changes  in  two  sets  of  data  is  an  important  logical 
tool  available  to  older  children  but  not  to  the  pre- 
operational child. 

3.  The  child  has  difficulty  in  realizing  that  an  ob- 
ject can  possess  more  than  one  property,  and  that 
multiple  classifications  are  possible.  It  is  hard  for  the 
child  to  see  that  one  can  live  in  Los  Angeles  and  in 
California  at  the  same  time,  that  a bird  is  also  an 
animal,  and  that,  since  there  are  animals  other  than 
birds,  there  are  logically  more  animals  in  the  world 


than  there  are  birds.  The  operation  of  combining  ele- 
ments to  form  a whole  and  then  seeing  a part  in  rela- 
tion to  the  whole  has  not  as  yet  developed,  and  so 
hierarchical  relationships  cannot  be  mastered. 

So  far,  this  consideration  of  preoperational  think- 
ing has  been  largely  negative.  We  have  seen  that  the 
child  lacks  the  ability  to  combine  parts  into  a whole, 
to  put  parts  together  in  different  ways,  and  to  reverse 
processes.  What,  then,  can  the  child  do?  The  develop- 
ment of  logical  processes  is  not  at  a standstill  during 
this  period;  there  are  some  positive  accomplishments. 
We  see,  for  example,  the  rudiments  of  classification: 
the  child  can  make  collections  of  things  on  the  basis 
of  some  criterion;  he  can  also  shift  that  criterion.  Thus 
if  we  present  a kindergarten  child  with  a collection 
of  pink  and  blue  squares  and  circles,  some  large  and 
some  small,  and  ask  him  to  sort  them  into  two  piles 
with  those  in  each  pile  being  alike  in  some  way,  he 
can  usually  make  two  different  collections  on  the 
bases  of  color  and  shape  (a  few  children  discover  the 
third  criterion  of  size).  Such  an  ability,  of  course,  is 
essential  to  the  formation  of  classes  and  eventually 
of  a hierarchy  of  classes. 

The  child  is  also  beginning  to  arrange  things  in 
a series.  He  can  compare  two  members  of  a set  when 
they  are  in  a consecutive  order;  he  knows  that  Tues- 
day comes  after  Monday.  But  since  Friday  comes  after 
Tuesday,  which  is  after  Monday,  does  Friday  also 
come  after  Monday?  This  operation,  involving  seeing 
logical  relations  between  things  or  events  that  are  ar- 
ranged in  a series,  is  not  yet  possible  to  the  preopera- 
tional child,  but  experiences  with  seriation  are  pre- 
paratory to  the  development  of  such  operations.  The 
"inching  up"  that  an  older  pupil  does  in  trying  to  es- 
tablish equilibrium  between  two  parts  of  a physical 
system  (add  a little  to  one  side;  then  add  a little  to 
the  other)  is  an  example  of  a more  sophisticated  use 
of  seriation. 

Between  7 and  11  years  of  age  on  the  average. 
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as  the  child  assimilates  information  from  his  actions 
and  accommodates  mental  structures  to  the  new  infor- 
mation, thinking  processes  change.  The  child  aban- 
dons his  perceptual  judgments  and  thought  takes  on 
certain  logical  properties.  Piaget  calls  this  stage  the 
stage  of  concrete  operations,  because,  while  the  child 
uses  logical  operations,  the  content  of  his  thinking  is 
concrete  rather  than  abstract.  One  of  the  mental  op- 
erations that  develops  is  that  of  combining  elements; 
the  child  begins  to  put  two  and  two  together  figura- 
tively as  well  as  literally.  He  uses  this  combining  oper- 
ation to  discover  (though  not  until  toward  the  end  of 
this  stage)  that  a substance  like  sugar  added  to  water 
will  make  the  water  level  rise,  and  that  the  water  level 
will  stay  up  even  after  the  sugar  dissolves.  It  dawns 
on  the  pupil  that  matter  combined  with  matter  pro- 
duces more  matter,  that  matter  doesn't  disappear  into 
nothingness. 

Another  property  of  logical  thought  is  that  ele- 
ments of  a whole  can  be  associated  in  various  ways 
without  changing  the  total.  Thus,  in  the  problem  of 
the  segmented  sticks,  the  segments  can  be  "associated" 
in  a straight  line  or  zig-zag  line,  but  the  total  distance 
of  the  path  to  be  covered  remains  the  same,  or  is  con- 
served. And  in  studying  science,  the  pupil  can  use  the 
associative  operation  to  discover  how  to  keep  a system 
in  equilibrium — how,  for  example,  when  a muscle  is 
flexed,  it  becomes  shorter  but  thicker;  when  relaxed, 
it  is  longer  but  thinner.  In  each  case,  the  total  amount 
of  muscle  remains  the  same;  the  amount  of  matter  is 
conserved,  though  its  shape  is  changed. 

A third  property  of  logical  thought  is  that  of  iden- 
tity. The  identity  operation  is  basically  a null  opera- 
tion; the  child  can  mentally  cancel  out  the  effects  of 
any  operation  by  combining  it  with  its  opposite.  He 
uses  such  an  identity  operation  to  reason  that  the  ef- 
fects of  adding  a force  to  one  side  of  a balanced  tug- 
of-war  can  be  canceled  out  by  adding  a force  to  the 
other  side  (at  the  preoperational  stage,  he  could  solve 
the  problem  only  by  taking  away  the  extra  force  that 


had  been  added).  The  pupil  can  also  reason,  as  he 
thinks  about  a flexed  muscle,  that,  since  nothing  has 
been  added  to  the  muscle  and  nothing  has  been  taken 
away,  then  quantity  of  matter  is  identical  before  and 
after  the  flexing.  An  extension  of  the  identity  opera- 
tion is  the  one-to-one  correspondence  a pupil  carries 
on  to  establish  identity  between  two  sets.  Is  the  spider 
an  insect?  The  pupil  must  compare  each  characteristic 
in  the  set  of  insect  characteristics  with  each  in  the 
spider  set,  on  a one-to-one  basis,  to  answer  the 
question. 

Of  all  of  the  properties  of  logical  thinking,  one  of 
the  most  critical  to  develop  is  that  of  reversibility. 
Every  change  that  the  mind  makes  upon  sensory  data 
is  reversible.  The  child  can  mentally  rearrange  the 
sticks  in  the  zig-zag  line,  putting  them  back  the  way 
they  were,  to  see  that  length  is  conserved.  Similarly, 
a pupil  can  solve  the  problem  of  whether  matter  in 
a total  system  is  conserved  when  a river  carries  away 
soil  and  deposits  it  in  the  river  delta  by  reversing  the 
depositing  process.  (See  Book  3,  Unit  3.) 

A good  deal  of  the  research  of  Piaget  and  Inhelder 
on  how  children  think  about  problems  has  centered 
on  conservation  problems  in  which  matter,  weight,  or 
volume  is  conserved  with  a change  in  form.  Results 
show  that  children  achieve  conservation  during  the 
stage  of  concrete  operations,  but  that  some  conserva- 
tion problems  are  easier  than  others.  Conservation  of 
length  (the  segmented  sticks)  appears  first,  followed 
in  turn  by  conservation  of  matter  (pouring  sand  into 
containers  of  different  shapes)  and  conservation  of 
weight.  Conservation  of  volume  (dissolution  of  sugar 
in  water)  is  most  difficult,  appearing  at  about  11 
years. 

The  operations  described  above  characterize  the 
thought  processes  of  the  child  during  the  elementary 
school  years,  but  beginning  at  about  12  years,  there 
are  further  changes  that  occur  in  modes  of  thinking. 
Thinking  is  less  tied  to  the  concrete  and  becomes  more 
abstract  and  formal.  Piaget  describes  it  as  proposi- 


tional  thinking.  The  pupil  can  state  propositions  in 
terms  of  the  variables  he  has  identified  and  can  then 
systematically  combine  the  propositions  so  as  to  test 
all  possible  combinations.  To  reveal  thinking  proc- 
esses, a pupil  is  presented  in  one  of  Piaget's  tests  with 
four  flasks  containing  colorless,  odorless  liquids  that 
look  exactly  the  same,  plus  a bottle  containing  potas- 
sium iodide  (not  identified  for  him).  He  is  shown  that 
a few  drops  from  the  bottle  can  turn  the  proper  (but 
unknown  to  him)  mixture  of  liquids  yellow,  and  he  is 
asked  to  reproduce  the  process.  If  the  pupil  is  at  the 
formal  stage  of  thought,  his  statements  will  reveal  cer- 
tain characteristics  of  thinking  not  found  in  younger 
children.  For  example,  he  will  say,  "If  this  stuff  in  the 
bottle  is  plain  water,  then  when  I put  it  with  a mixture 
from  the  first  and  second  flasks,  it  shouldn't  make 
them  turn  yellow."  In  effect  he  is  stating  a hypothesis 
for  testing,  "If  it's  water,  it  wouldn't  do  this,"  or  that 
one  statement  logically  implies  another.  At  the  con- 
crete stage,  the  pupil  says,  "I'll  put  this  and  this  to- 
gether and  see  what  happens." 

There  are  four  ways  in  which  propositions  can  be 
combined.  We  can  combine  by  conjunction,  as  when 
we  say,  "It's  got  to  be  this  and  this";  by  disjunction: 
"It's  got  to  be  this  or  this";  by  negation:  "It's  neither 
this  nor  this";  and  by  implication:  "If  it's  this,  then 
this  will  be  true."  Let's  suppose,  for  example,  that  a 
sixth  grade  child  is  interested  in  the  problem  of  what 
attracts  certain  insects  to  flowers;  two  possibilities  are 
design  and  color.  How  to  combine  the  two?  At  the 
formal  stage  of  thinking,  the  learner  can  systematically 
test  all  the  possibilities  by  asking: 

Is  it  color  and  not  design? 

If  it's  not  color,  then  is  it  design? 

Is  it  design  and  color? 

Is  it  neither? 

Each  of  these  questions  must  next  be  stated  as  a 
hypothesis  for  testing.  The  question,  "Is  it  color  and 
not  design?"  must  be  restated  as  the  hypothesis,  "If 
it's  color  and  not  design,  then  when  we  present  both 


stimuli  (which  are  specified)  to  the  insect,  we  ought 
to  attract  more  insects  to  the  color."  But  following  the 
checking  out  of  that  hypothesis,  if  color  "works,"  the 
pupil  must  then  ask,  "If  it's  color,  is  it  any  color? 
Does  yellow  work  as  well  as  red?  Do  fluorescent  colors 
work  better  than  nonfluorescent?  If  color  red  is  equal 
to  color  yellow,  the  number  of  insects  attracted  to  the 
stimuli  should  be  the  same."  The  outstanding  char- 
acteristic of  thought  at  the  formal  stage  is  the  way  in 
which  the  mind  can  combine  propositions,  going  back 
and  forth  with  lightning-like  speed,  and  then  stating 
what  the  combination  implies  in  the  way  of  experi- 
mental outcome.  This  mode  of  thinking  begins  to  ap- 
pear in  bright  children  even  before  they  leave  elemen- 
tary school. 

BUILDING  A SCIENCE  SERIES 
TO  FOSTER  LOGICAL  THINKING 

The  developmental  picture  we  have  described  has 
implications  for  building  a science  series  to  foster  logi- 
cal thinking,  as  we  shall  see.  However,  it  should  be 
pointed  out  here  that  cognitive  psychologists  have 
made  contributions  other  than  the  developmental  pic- 
ture. Piaget  and  Inhelder  have  given  us  insight  into 
the  misconceptions  about  science  that  children  ac- 
quire, so  that  we  can  plan  remedial  activities.  Bruner 
has  described  the  process  of  concept  building,  a proc- 
ess that  begins  with  a sensorimotor  experience,  pro- 
ceeds to  a step  where  a mental  image  is  important, 
and  then  is  completed  at  the  symbolic  level,  where 
verbal  understanding  is  accomplished.  Aspects  of  cog- 
nitive theory  other  than  the  developmental  picture 
have  been  considered  in  building  our  science  series. 

Implications  of  Cognitive  Theory 

for  Content  Selection  and  Grade  Placement 

In  building  a science  series,  there  must  be  a ra- 
tionale for  the  selection  and  grade  placement  of  sub- 
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ject  matter.  Part  of  the  rationale  is  derived  from  scien- 
tists' analysis  of  what  is  important  in  science;  we  have 
selected  for  the  content  in  this  series  the  "scientist's 
science,"  ordered  in  terms  of  difficulty  of  concepts. 
Part  of  the  rationale  is  derived,  also,  from  what  we 
know  about  the  child.  If  the  study  of  science  is  to 
improve  thinking  processes  as  the  pupil  acquires  con- 
tent, strategy  for  improvement  must  be  based  on  what 
is  known  of  the  normal  course  of  intellective  develop- 
ment. In  our  discussion  thus  far,  we  have  described 
the  normal  course,  not  the  potential;  it  is  with  the 
norm  that  we  start  to  accelerate  development,  for 
American  educators  arg  rarely  interested  in  maintain- 
ing the  status  quo  in  achievement  levels.  Knowing  the 
characteristics  of  preoperational  thought,  we  selected 
content  for  the  primary  books  in  this  series  that  will 
help  the  child  overcome  preoperational  deficiencies 
and  facilitate  development  of  those  properties  of  logi- 
cal thought  that  appear  in  the  stage  of  concrete  opera- 
tions. Knowing  how  the  child  thinks  at  the  stage  of 
concrete  operations,  we  selected  content  for  the  mid- 
dle grades  to  strengthen  logical  operations  and  ad- 
vance the  onset  of  propositional  thinking.  As  previ- 
ously stated,  we  take  the  position  in  this  series  that 
the  development  of  the  highest  mental  processes 
should  not  be  left  to  chance;  the  school  should  foster 
logical  thinking  in  every  way  possible,  and  the  study 
of  science  offers  unique  opportunities  to  do  this. 

Some  examples  at  this  point  may  help  to  clarify 
our  strategy.  Particularly  in  the  first  two  books,  we 
present  learning  situations  to  help  the  child  overcome 
his  tendency  to  make  perceptual  judgments  and  to 
center  on  one  variable.  In  Book  1,  for  example,  the 
pupil  is  helped  to  discover  that  both  weight  at  each 
end  and  distance  from  the  fulcrum  must  be  considered 
in  balancing  the  seesaw;  centering  on  the  weight  vari- 
able is  not  enough.  In  Book  2,  the  young  reader  has 
experiences  in  coordinating  two  variables;  as  he  pours 
sand  into  containers  of  different  shapes,  he  learns  that 
"higher  than"  is  compensated  for  by  "skinnier  than," 


so  that  quantity  of  matter  is  conserved.  He  is  also 
given  practice  in  identifying  more  than  one  property 
in  classification  problems;  he  discovers  that  sounds 
vary  in  both  volume  and  pitch,  and  he  works  out  with 
the  teacher  a 2 x 2 table  (see  page  4)  to  visualize  the 
classification  of  the  sounds  to  which  he  is  listening. 

But  what  of  pupils  in  the  first  two  grades  whose 
thinking  has  advanced  beyond  the  preoperational 
level?  For  such  pupils,  logical  operations  should  be 
made  explicit  by  the  teacher  so  that  their  use,  which 
may  be  only  intuitive  at  first,  will  be  strengthened. 
And  the  teacher,  knowing  the  logical  operations  that 
appear  in  the  average  child  7 years  old,  can  make 
every  effort  in  all  of  her  teaching  to  strengthen  such 
thinking  processes  as  they  appear  in  pupils  in  the  first 
two  grades. 

In  Books  3,  4,  and  5 there  is  increased  emphasis 
on  developing  in  the  pupil  these  logical  operations — 
combining  elements,  associating  elements  in  different 
ways,  establishing  identity  between  elements,  and  re- 
versing an  operation — that  characterize  the  stage  of 
concrete  operations  (normally  7-11  years).  There  is 
considerable  work,  particularly  in  Books  3 and  4,  on 
classification  skills.  Such  skills  began  in  Book  2,  when 
a pupil  learned  to  describe  a specimen  by  more  than 
one  characteristic  and  then,  to  identify  the  specimen 
as  either  a butterfly  or  moth,  to  make  a one-to-one 
correspondence  between  the  characteristics  of  the 
specimen  and  those  of  the  butterfly  or  moth.  In  Book 
4,  Unit  4,  skills  become  more  complex  as  the  pupil 
learns  about  hierarchical  classification.  Fishes,  am- 
phibians, reptiles,  birds,  and  mammals  can  be  com- 
bined to  form  a superclass  of  "animals  with  back- 
bones." Furthermore,  certain  things  are  logically  true 
of  the  superclass  and  the  subclasses  (e.g.,  each  mem- 
ber of  the  subclass  must  contain  those  characteristics 
that  distinguish  the  superclass  plus  some  others;  a sub- 
class is  always  smaller  in  number  than  the  superclass. 

Logical  thinking  is  also  demanded  of  the  child  in 
questions  in  the  text  or  in  the  teaching  suggestions. 
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Note  the  logical  processes  involved  as  a third  grader 
attempts  to  answer  the  teacher's,  "Can  you  give  me 
an  example  of  an  animal  that  lives  on  the  desert  and 
explain  how  the  animal  can  live  in  such  an  environ- 
ment?" The  pupil  has  read  the  unit  "How  Animals 
Live,"  Book  3,  Unit  4,  from  which  he  learned  about 
many  animals  adapted  to  many  different  environ- 
ments. To  answer  the  question,  he  must  first  combine 
elements  that  make  up  a set  of  desert  conditions:  little 
water,  extremes  of  temperature,  scarcity  of  food,  little 
ground  cover.  He  remembers  the  kangaroo  rat  as  liv- 
ing on  the  desert,  and  combines  elements  that  make 
up  a set  of  rat  characteristics:  eats  seeds  and  gets 
water  from  seeds,  has  sharp  claws  and  can  dig  bur- 
rows, stays  underground  during  heat  of  day  and  so 
needs  less  water,  has  eyes  with  many  rods  and  so  can 
hunt  in  the  cool  of  the  night.  Then  the  pupil  must  set 
up  a correspondence  between  elements  in  the  desert- 


conditions  set  and  elements  in  the  rat  set.  If  for  the 
elements  in  the  first  set  there  are  corresponding  mem- 
bers in  the  other  set,  establishing  an  identity,  then  he 
knows  the  animal  is  adapted  to  desert  living. 

Logical  operations  continue  to  be  emphasized  in 
Grades  5 and  6,  but  in  increasingly  more  complex 
situations.  We  can  find  many  examples  of  operations 
particularly  in  the  physical  science  content  in  Books 
5 and  6.  The  development  of  the  speed-time-distance 
relationship  in  Book  6 is  a case  in  point.  Note  that 
the  pupil  must  now  see  one  variable  as  a function  of 
two  others  and  work  out  relationships  among  the 
three  by  using  not  one  but  several  logical  operations 
(reversibility,  for  example:  if  s X t = d,  then  s = d/t; 
identity,  as  he  puts  in  the  correct  numbers  for  the 
letter  symbols). 

Beginning  in  Book  5 and  increasingly  in  Book  6, 
content  encourages  the  pupil  to  do  propositional 


KANGAROO  RAT'S  ADAPTATIONS  TO  ITS  ENVIRONMENT 


Set  of  Desert  Conditions 

Set  of  Rat  Characteristics 

1.  Little  water-.;— 

Eats  seeds  and  gets  water 

from  seeds 

2.  Extremes  of  temperature 

.Has  sharp  claws  and  can 

between  day  and 

/ dig  burrows 

3.  Scarcity  of  food 

Stays  underground  during  heat  of  day; 

/ 

thus  it  needs  less  water 

4.  Little  ground  cover  for  protection^ 

< Has  eyes  with  many  rods;  thus  it  can 

from  enemies 

hunt  at  night  when  there  is  less  heat 

and  less  competition  from  enemies 
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thinking.  For  example,  in  the  introductory  unit  to 
Book  5,  the  reader  is  introduced  to  the  specifics  of 
scientific  methods.  He  has,  of  course,  been  raising 
questions  and  doing  "experiments"  in  the  first  three 
grades;  he  has  even  had  practice  in  controlling  cer- 
tain factors  while  he  experimented  with  another.  In 
Book  2,  for  example,  in  the  unit  on  heat,  pupils  ex- 
periment on  the  insulating  qualities  of  different  kinds 
of  cloth.  The  size  of  the  cloth  and  the  temperature  of 
the  water  to  be  protected  are  kept  constant.  But  the 
question,  "Does  the  color  of  clothes  make  a difference 
(in  keeping  us  cool)?"  is  not  stated  as  a hypothesis 
for  testing.  It  implies  a concrete  operation,  but  it  does 
not  spell  out  the  specifics  for  testing.  It  does,  however, 
provide  readiness  for  the  fifth  grader's  encountering, 
in  Unit  8,  Book  5,  the  experiment,  "How  Do  Dark 
and  Light  Colors  Affect  the  Absorption  of  Heat 
Energy?" 

There  is  one  last  point  to  consider  in  using  the 
content  of  Science  for  Tomorrow's  World  to  improve 
thinking  processes.  As  Piaget  has  shown,  the  child 
deals  less  with  the  concrete  and  more  with  the  abstract 
and  the  formal  as  thinking  processes  mature.  We  rec- 
ognize this  developmental  change  and  have  taken  it 
into  account  in  our  planning  to  facilitate  the  appear- 
ance of  abstract  thinking,  but  we  do  not  emphasize 
the  formal  expression  of  generalizations  prematurely. 
There  are  many  opportunities  in  the  primary  grades 
for  pupils  to  deal  with  functions  in  a concrete  way. 
In  Book  2,  for  example,  page  138,  the  pupil  carries 
out  an  activity  in  which  he  discovers  that  the  loss  of 
heat  over  time  is  a function  of  the  insulating  proper- 
ties of  the  protective  material.  This  discovery  as  stated, 
however,  is  beyond  the  comprehension  of  most  second 
grade  children.  Instead,  the  child  of  7 summarizes 
in  a concrete  fashion:  "With  a wrapping  made  of  wool, 
water  doesn't  cool  off  as  fast  as  with  wrappings  made 
of  cotton  or  rayon."  In  keeping  with  developmental 
theory,  we  reserve  the  more  formal  and  abstract  ex- 
pressions of  generalizations  for  Book  5 and  Book  6. 


Implications  of  Cognitive  Theory 
for  Activities  and  Illustrations 

Cognitive  theory  is  useful  not  only  in  planning 
content  and  grade  placement,  but  also  in  planning 
learning  activities  and  experiments  and  in  designing 
special  illustrations  for  tests.  The  reader  will  recall 
that  in  Piaget's  theory,  the  first  stage  is  the  sensori- 
motor, where  the  infant  may  be  said  to  "think  with 
his  muscles."  While  language  changes  the  mode  of 
thinking,  the  need  for  a motor  component  as  an  under- 
pinning for  certain  concepts  does  not  disappear  with 
the  advent  of  speech.  Bruner  in  particular  has  noted 
the  importance  of  motor  activity  as  a first  step  in  con- 
cept building.  In  this  series  we  have  recognized  the 
importance  of  sensorimotor  experience  in  planning 
learning  activities.  No  verbal  description  of  how  gears 
work  can  substitute  for  the  actual  manipulation  of 
gears  (See  Book  2,  p.  52).  No  verbal  description  can 
convince  the  child  that  the  image  formed  in  the  retina 
of  what  he  is  seeing  is  an  upside-down  image,  but  let 
him  try  building  a pinhole  camera  (Book  6,  Unit  8), 
and  he  has  built  into  his  sensorimotor  system  a basic 
understanding  of  the  concept. 

Activities  with  a motor  component  are  not  new  to 
science,  but  what  is  new  is  that  we  now  have  a ra- 
tionale for  which  concepts  need  this  kind  of  sensori- 
motor underpinning.  Concepts  from  the  physical  sci- 
ences, where  two  different  displacements  occur  at  the 
same  time,  need  a motor  component.  The  activities 
in  Books  2,  3,  and  6 in  the  units  dealing  with  con- 
cepts of  forces  and  motion  contain  many  examples  of 
such  displacements.  Sensorimotor  activities  are  often 
needed,  also,  to  correct  misconceptions  children  have 
built  up.  Cognitive  theorists  have  provided  us  with 
information  about  which  concepts  children  are  likely 
to  be  confused  about.  In  the  process  of  living  and  ad- 
justing to  his  environment,  the  child  has  been  dealing 
with  such  phenomena  as  time,  matter,  space,  light, 
heat,  motion,  and  electricity,  and  has  more  likely  than 
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not  built  up  misconceptions  around  them.  Most  chil- 
dren, for  example,  think  that  a steady  push  on  an 
object  results  in  a steady  speed.  The  sensorimotor  ex- 
perience of  feeling  acceleration  in  the  wagon  one 
pushes  with  a steady  push  (Book  2,  p.  39)  really  con- 
vinces the  child  in  a way  that  telling  him  does  not. 
Similarly,  most  children  find  it  hard  to  believe  that  a 
ball  flicked  off  from  a table  top  and  one  dropped  over 
the  side  at  the  same  time  will  both  reach  the  ground 
at  the  same  time  (Book  6,  Unit  3).  Understanding 
that  a missile  has  both  a horizontal  and  a vertical 
component  of  motion  begins  with  a sensorimotor  ex- 
perience. (Book  5,  Unit  8).  And  the  future  student 
of  high  school  chemistry  who  has  spent  time  in  ele- 
mentary school  constructing  models  of  atoms  (Book 
5,  Unit  6)  will  find  that  the  theory  of  chemical  bond- 
ing comes  naturally  to  him;  he  can  imagine  a model 
of  the  oxygen  atom  from  his  experiences. 

Note  that  each  of  the  activities  mentioned  helps 
to  correct  a misconception  or  to  build  a mental  image 
of  how  something  in  the  physical  world  works.  Too 
much  science-teaching  time  has  been  wasted  in  the 
past  on  activities  with  no  foundation  in  an  important 
science  concept.  Simply  building  a space  station  with 
model  rockets  in  the  classroom  cannot  be  justified  in 
terms  of  its  cognitive  value.  While  the  activity  has 
motor  components,  it  probably  generates  more  mis- 
conceptions than  it  clears  up  and  contributes  nothing 
to  an  understanding  of  the  physics  of  space  travel. 

Following  the  sensorimotor  experience  (or  assum- 
ing one  in  some  cases),  Bruner  describes  an  iconic 
step  in  concept-building.  After  "meaning  in  the  mus- 
cles," the  child  must  build  a mental  image  of  what  it 
is  he  is  acquiring  knowledge  about.  In  this  series  we 
have  aided  the  development  of  this  step  in  the  type 
of  illustration  used  in  special  cases.  The  first  grade 
pupil  is  introduced  to  the  concept  of  a system  in  equi- 
librium through  a sensorimotor  experience  with  the 
seesaw.  Then  diagrams  of  the  system  are  presented, 
with  distance  and  weight  clearly  indicated  as  the  vari- 


ables. The  diagram  serves  the  function  of  giving  the 
child  a mental  image  of  the  essentials  in  the  system. 
It  is  a pared-down  version  of  the  illustration  showing 
actual  children  seesawing.  In  Book  2,  force  diagrams 
are  used,  again  after  a sensorimotor  experience,  to 
show  both  size  and  direction  of  the  force  in  question. 
In  Book  6,  physical  experience  involved  in  under- 
standing time-distance  relationships  is  provided  in 
graph  making,  the  end-product  of  which  then  serves 
the  image-building  function.  In  Book  6,  Unit  1,  also, 
the  learner  becomes  acquainted  with  vectors  and 
builds  a mental  image  of  velocity  with  vectors. 

With  the  proper  sensorimotor  and  mental-image 
underpinning,  the  learner  can  then  go  on  to  deal  with 
a concept  symbolically — that  is,  with  language.  Like 
adults,  the  pupil  who  has  difficulty  in  understanding 
the  sentence,  "The  intensity  of  light  varies  inversely 
with  the  square  of  the  distance  from  the  source,"  falls 
back  on  sensorimotor  memories.  If  he  has  actually 
worked  out  activities  involving  the  inverse-square  law, 
then  he  has  some  "feel"  for  what  the  term  means.  If, 
in  addition,  he  can  also  bring  to  mind  a mental  image 
of  a diagram  of  the  inverse-square  law  applied  to 
light,  then  the  sentence  takes  on  additional  meaning. 

Motor  activities,  mental  images,  language — all 
three  steps  are  not  necessary  for  all  concepts.  For 
some  concepts,  pupils  bring  with  them  to  school  a 
strong  sensorimotor,  mental-image  foundation,  and 
are  ready  for  the  symbolic  step.  But  for  other  con- 
cepts, where  the  foundation  has  been  missing  or  faulty, 
one  or  both  steps  are  essential.  With  many  concepts, 
as  Piaget  points  out,  knowledge  is  deformed  by  a 
purely  verbal  approach.  Teachers  are  being  advised 
today,  in  science  teaching,  as  in  all  teaching,  to  spend 
more  time  to  teach  what  used  to  be  covered  in  a few 
minutes  with  a few  verbal  statements.  The  advice  is 
good — provided  the  teacher  picks  the  right  concepts 
to  concentrate  on,  and  provided  the  extra  time  is  spent 
wisely  on  those  steps  that  build  readiness  for  the 
verbal  stage. 


32 


PART  III:  SOME  PROBLEMS  OF  METHOD  IN  TEACHING  SCIENCE 


PROBLEMS  OF  MOTIVATION 

Psychologists  are  generally  agreed  that  motivation 
is  the  first  essential  to  learning.  If  pupils  are  to  learn 
science,  they  must  first  want  to  learn;  they  must  be 
motivated.  However,  there  are  a number  of  miscon- 
ceptions with  respect  to  how  a state  of  motivation  can 
be  induced.  Some  teachers  confuse  motivation  with 
external  stimulation  supplied  to  interest  children  in  a 
lesson.  Thus  one  teacher  says,  "But  I have  no  trouble 
in  getting  my  children  motivated.  I just  produce  a few 
pieces  of  equipment  and  tell  the  class  we  are  going  to 
have  an  experiment,  and  they  are  all  interested." 


Readers  will  agree  with  the  teacher  that  children  are 
immediately  attentive  when  an  experiment  is  pro- 
posed, but  teachers  will  also  recognize  that  interest  in 
observing  an  experiment  does  not  necessarily  lead  to 
motivation  to  learn  important  science  concepts.  The 
behavior  of  children  who  receive  chemistry  sets  for  a 
holiday  present  is  a case  in  point.  Many  a child  de- 
lights in  mixing  the  chemicals  and  watching  the  re- 
sultant change  in  color  or  state  of  matter,  but  for  too 
many  it  is  the  magical  "result"  that  intrigues,  rather 
than  the  chemistry  of  the  change. 

For  the  psychologist,  however,  motivation  is  in- 
trinsic to  the  organism.  It  is  no  secret  that  even  the 
very  young  infant  learns  spontaneously  and  enjoys  the 
process.  Furthermore,  he  is  motivated  to  learn  even 
when  there  is  no  adult  present  to  supply  initial  stimu- 
lation. A ten-month-old  baby  who  wants  a toy  that  is 
out  of  reach  on  a cushion  in  his  crib  discovers  that  by 
pulling  on  the  cushion  he  can  bring  the  toy  within 
grasp.  He  is  learning  that  one  can  use  tools  (the  cush- 
ion) to  extend  the  arm  to  reach  objects  in  space.  The 
motivation  for  the  learning  came  from  within. 

Teachers,  too,  can  give  many  examples  of  intrinsic 
motivation.  In  Book  6,  in  the  unit  entitled  "The  Na- 
ture of  Light,"  an  activity  is  described  involving  use 
of  a homemade  ripple  tank  to  study  the  behavior  of 
light  waves.  Sixth  grade  children  with  access  to  this 
equipment  have  been  observed  before  school  and  in 
free  time,  placing  obstacles  across  the  tank  or  inserting 
sharp-edged  rulers  below  the  surface  of  the  water,  to 
see  what  happens  to  the  waves  they  create  with  a 
dowel  stick.  Fourth  grade  children  studying  electricity 
hurry  to  the  science  table  when  assignments  are  fin- 
ished, to  experiment  by  winding  wire  around  a nail 
for  so  many  turns  to  find  out  the  effect  upon  the 
strength  of  an  electromagnet.  There  appears  to  be  a 
basic  urge  to  explore,  to  find  out  how  the  environment 


can  be  changed,  and  to  learn  what  consequences  flow 
from  these  changes.  When  this  motivation  to  interact 
with  the  environment  is  present,  the  child  carries  on 
activities  with  considerable  persistence,  getting  inter- 
esting feedback  from  his  efforts  and  acquiring  knowl- 
edge in  the  process.  In  the  language  of  Piaget,  the 
child  assimilates  and  accommodates,  restoring  mental 
equilibrium  when  accommodation  has  been  achieved. 

It  is  not  difficult  to  find  examples  of  self-motiva- 
tion in  pupil  behavior.  The  problem  for  the  teacher, 
however,  is  to  set  the  stage  so  as  to  produce  this  kind 
of  behavior.  More  specifically,  it  is  the  problem  of 
how  to  induce  intrinsic  motivation  so  that  the  pupil 
learns  what  the  teacher  wants  him  to  learn. 

Let  us  consider  the  case  of  a fourth  grade  teacher 
who  is  about  to  teach  a unit  on  sound.  Among  the 
concepts  that  she  wants  pupils  to  acquire  are:  (1)  In 
order  for  sound  to  be  produced,  something  must  vi- 
brate; (2)  For  human  beings  to  hear  a sound,  vibra- 
tions must  occur  between  sixteen  times  and  twenty 
thousand  times  a second;  (3)  The  kind  of  sound  one 
hears  depends  on  the  number  of  vibrations.  We  know 
that  pupils  will  acquire  these  concepts  through  a self- 
regulatory  process,  but  what  can  the  teacher  do,  what 
stimulation  can  she  furnish,  to  get  the  process  started? 

Theorists  of  learning  have  identified  the  elements 
that  make  a situation  stimulating  and  that  induce  in- 
trinsic motivation.  One  such  element  is  that  of  novelty. 
A relatively  less  familiar  situation  is  more  stimulating 
than  the  familiar,  and  human  beings  (lower  animals, 
too)  clearly  prefer  the  novel  to  the  well  known.  The 
situation,  however,  must  not  be  too  novel,  for  too 
much  uncertainty  breeds  fear  and  withdrawal. 

Some  theorists  prefer  to  call  the  stimulating  ele- 
ment "cognitive  dissonance."  By  that  they  mean  that 
there  must  be  a discrepancy  between  information  al- 
ready stored  in  the  brain  and  information  coming  in 
from  an  ongoing  experience.  When  incongruity  exists, 
there  is  a basic  urge  to  resolve  it  so  that  mental  equi- 
librium is  restored.  A pupil  may  presently  believe  that 


the  way  to  make  a stronger  electromagnet  is  to  make 
it  bigger;  bigness  and  strength  are  associated  in  his 
mind.  Thus  he  would  predict  that  a heavy  spike  will 
attract  heavier  objects  than  a slim  nail.  Faced  with 
evidence  that  contradicts  this  belief,  he  then  experi- 
ments with  nails  of  various  sizes  and  with  various 
turns  of  the  wire  to  find  out  what  actually  increases 
the  strength  of  an  electromagnet.  He  acts  to  get  rid 
of  the  incongruity  and  to  restore  equilibrium. 

The  problem,  then,  for  the  teacher  who  would 
induce  motivation  in  children  is  to  provide  encounters 
with  objects  or  situations  that  will  be  incongruous  with 
information  children  already  have.  To  provide  such 
encounters,  the  teacher  must  first  know  where  children 
are  in  their  thinking  with  respect  to  the  concepts  to 
be  taught.  If  the  teacher  wants  pupils  to  acquire  the 
concepts  we  have  listed  for  the  unit  on  sound,  then 
the  teacher  must  first  know  what  the  pupils  already 
believe  about  how  sounds  are  produced  and  what  the 
pupils  believe  about  the  reasons  that  sounds  are  dif- 
ferent in  pitch  and  intensity. 

One  way  to  find  out  what  pupils  already  believe 
is  to  ask  them.  A teacher  can  start  a lesson  with  ques- 
tions based  on  the  concepts  to  be  taught.  Thus,  the 
teacher  might  begin  with  the  question,  "What  makes 
a sound?"  To  such  a question  the  teacher  is  likely  to 
get  an  answer  like,  "There's  a sound  when  we  hit 
something."  The  teacher  counters  this  response  by  ask- 
ing, "Are  all  sounds  made  by  hitting  something?  Who 
can  give  me  an  example  of  a sound  that  is  made  with- 
out something  being  hit?"  Examples  such  as  shuffling 
a shoe  across  the  floor,  rubbing  the  desk  with  the  back 
of  the  fist,  speaking,  etc.,  are  incongruous  with  the 
notion  that  something  must  be  hit  for  sound  to  be 
produced,  and  pupils  are  motivated  to  find  out  what 
is  the  common  element  in  all  of  the  examples  that 
produces  sound.  A discussion  centered  around  ques- 
tions designed  to  expose  the  incongruity  between  pres- 
ently held  beliefs  and  evidence  to  the  contrary  can 
induce  motivation  to  resolve  the  discrepancy. 
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Even  better  than  the  purely  verbal  approach  to 
motivation  is  one  involving  motor  activity.  From  the 
motor  activity,  a pupil  can  take  in  information  not 
only  through  the  auditory  sense,  but  through  the  visual 
and  tactile  senses  as  well.  Instead  of  using  discussion 
and  relying  upon  words  to  elicit  cognitive  dissonance 
regarding  how  sound  is  produced,  pupils  can  engage 
in  such  activities  as  vibrating  a ruler  over  the  edge  of 
the  desk,  snapping  a rubber  band  held  between  the 
teeth,  or  observing  dry  cereal  moving  up  and  down 
on  a vibrating  drum  top.  Such  motor  activities  are 
better  than  the  verbal  because  (1)  they  are  more  in- 
teresting; therefore,  pupils  will  be  more  attentive;  and 
(2)  they  permit  more  information  to  be  assimilated 
(the  actual  information  input  is  greater  than  when 
discussion  alone  is  used).  The  advantage  of  the  motor 
over  the  verbal  is  only  true,  however,  if  the  motor 
activity  can  produce  enough  novel  stimuli  to  be  moti- 
vating. A motor  activity  from  which  the  child  can 
perceive  only  stimuli  too  elementary  for  his  level  of 
cognitive  development  is  obviously  a waste  of  time. 

Throughout  The  Macmillan  Science  Series,  many 
activities  are  introduced  that  are  designed  to  induce 
pupil  motivation.  These  activities  take  more  class  time 
than  a verbal  discussion,  but  teachers  are  urged  to 
take  the  time  for  them.  Only  as  the  pupil  becomes 
aware  of  the  discrepancy  between  what  he  has  be- 
lieved and  the  actual  evidence  he  is  assimilating  from 
an  activity  will  he  be  motivated  to  acquire  new  knowl- 
edge. Assimilation  is  facilitated  by  activities  that  per- 
mit a multisensory  approach  rather  than  a purely  audi- 
tory approach. 

We  can  summarize  the  modern  approach  to  moti- 
vation as  follows: 

1.  The  teacher  must  have  clearly  in  mind  the  con- 
cepts the  children  are  to  acquire  in  connection 
with  the  study  of  a particular  topic.  These  gen- 
eralizations are  listed  for  each  unit  in  the  Teach- 
ers' Guide. 


2.  The  teacher  uses  discussion  or,  even  better,  a 
demonstration  or  individual  pupil  activity  to  stim- 
ulate pupil  thinking  about  a particular  concept. 

3.  The  teacher  asks  questions  or  redirects  pupils' 
observations  in  order  to  reveal  any  discrepancy 
between  stored  information  and  informational  in- 
put. 

4.  The  discrepancy  is  stated  as  a problem  to  be 
resolved  in  the  course  of  the  lesson. 

PLANNING  FOR  INDIVIDUAL  DIFFERENCES 

As  in  teaching  any  other  school  subject,  the  class- 
room teacher  must  plan  for  individual  differences 
in  teaching  science.  And  as  is  true  in  other  school  sub- 
jects, individual  differences  in  reading  ability  create 
the  biggest  problem.  A fourth  grade  class  of  30  pupils 
may  have  a reading  range  that  varies  from  second  to 
sixth  grade  ability.  How  can  the  teacher  accommodate 
such  a range?  Teaching  pupils  in  separate  groups  as 
is  commonly  done  in  reading  and  arithmetic  is  not 
feasible;  there  is  a limit  to  the  number  of  separate  les- 
sons a single  individual  can  teach  in  a day's  time.  Nor 
is  grouping  within  the  classroom  desirable,  except  on 
a temporary  basis,  for  subjects  like  science  and  social 
studies,  if  each  grouping  involves  a separate  body  of 
subject  matter.  In  these  subjects  there  is  a core  of 
concepts  that  should  be  part  of  the  curriculum  for  all 
pupils.  All  pupils  in  a particular  grade  ought  to  have 
the  chance  to  acquire  those  concepts  at  the  level  of 
difficulty  possible  for  them.  Some  fourth  grade  pupils 
may  acquire  simpler  concepts  about  energy  such  as 
"Energy  can  be  transformed  from  one  form  to  another 
in  order  to  get  work  done,"  while  others  may  tackle 
more  sophisticated  concepts  such  as,  "When  energy  is 
transformed,  the  total  energy  at  the  beginning  and  end 
of  the  transformation  is  the  same."  Managing  such  a 
range  is  quite  possible  for  the  teacher. 
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To  provide  for  the  slow  readers,  it  is  necessary  to 
find  books  at  their  reading  level  treating  the  same  unit 
that  is  being  studied  by  the  rest  of  the  class.  This  is 
often  possible  to  do  in  a subject  like  science,  where 
many  of  the  same  topics  are  encountered  in  alternate 
years  or  every  third  year.  Motion,  for  example,  is 
studied  in  grades  2,  3,  5,  and  6;  weather  is  a topic  in 
grades  1,  4,  and  5;  units  on  living  things  appear  in 
grades  2,  3,  4,  5,  and  6.  Other  examples  of  a spiral 
organization  can  be  found  by  scanning  the  complete 
Table  of  Contents,  which  appears  in  Part  IV.  Many 
schools  are  operating  on  a flexible  plan  with  regard 
to  the  use  of  texts,  taking  advantage  of  the  spiral 
organization  in  order  to  meet  individual  differences. 
A sixth  grade  teacher,  for  example,  who  has  pupils 
who  are  retarded  in  reading,  borrows  from  the 
third  or  fourth  grade  for  the  particular  unit  being 
studied.  She  introduces  the  unit  in  exactly  the  same 
way  to  the  entire  class,  but  after  pupils  have  completed 
their  differentiated  reading  assignments,  she  introduces 
into  the  class  discussion  some  questions  aimed  at  the 
less  sophisticated  concepts  covered  in  the  easier  book. 
This  part  of  the  discussion  serves  as  a review  for  pupils 
who  are  more  advanced  in  concept  development.  At 
the  same  time,  the  slow  learners  have  the  advantage 
of  seeing  the  demonstrations  and  following  the  discus- 
sion of  harder  concepts,  all  of  which  serves  as  readi- 
ness for  acquiring  the  concepts  when  they  are  encoun- 
tered later  on.  As  every  teacher  knows,  it  is  often  the 
second  explanation  that  makes  assimilation  and  ac- 
commodation possible. 

But  what  does  the  teacher  do  in  the  case  of  units 
not  covered  in  an  easier  book?  One  solution  is  to  vary 
the  reading  assignment,  requiring  slow  readers  to  read 
less  material.  Some  teachers  work  with  the  slow  read- 
ers as  a group,  having  the  material  read  silently  in 
small  sections  and  its  meaning  discussed  at  the  end  of 
each  section.  Under  no  condition  should  a pupil  be 
given  a book  that  is  beyond  his  comprehension,  unless 
special  help  is  also  provided.  Nothing  will  stifle  pupil 


interest  in  science  more  quickly  than  a teacher  who 
requires  the  class  to  read  books  that  are  too  difficult. 
As  is  true  both  in  social  studies  and  in  science,  the 
content  lesson  is  also  a reading  lesson,  and  the  same 
principles  of  reading  that  hold  true  when  pupils  are 
using  readers  are  valid  when  pupils  are  reading  science 
texts. 

Of  particular  importance  to  slow  readers  are  ac- 
tivities and  experiments.  Slow  learners  need  even  more 
in  the  way  of  sensorimotor  experiences  than  do  fast 
learners.  The  slow-learning  third  grade  pupil  can  learn 
the  concept  of  force  only  by  actually  setting  objects 
in  motion  under  varying  conditions.  There  is  a temp- 
tation because  they  read  so  slowly  to  have  slow  learn- 
ers spend  more  time  on  reading  and  less  on  activities. 
Reading  assignments,  however,  should  be  adjusted  for 
these  pupils  so  that  they  also  have  time  to  engage  in 
experimentation. 

In  the  past  decade,  much  has  been  written  about 
the  gifted  child  and  about  the  necessity  of  providing 
him  with  challenging  situations.  A great  deal  of  effort 
has  been  expended  in  the  direction  of  providing  en- 
richment activities.  Unfortunately,  however,  so-called 
enrichment  activities  too  often  involve  only  busy 
work;  that  is,  the  activity  keeps  the  child  busy,  but  at 
exactly  the  same  cognitive  level  that  he  has  covered 
so  far.  A bright  child  can  be  kept  busy  working  on 
an  animal  chart  on  which  he  lists  animals,  names  of 
the  baby  animals,  and  where  the  animals  live,  but  at 
the  same  time  the  activity  may  offer  nothing  in  the 
way  of  intellectual  challenge.  The  gifted  child  needs 
enrichment  in  depth,  rather  than  horizontal  enrich- 
ment. He  ought  to  have  the  chance  to  tackle  intel- 
lectually challenging  problems  that  will  lead  to  the 
acquisition  of  concepts  more  sophisticated  than  those 
to  which  the  rest  of  the  class  is  exposed. 

If  we  agree  that  the  gifted  child  should  have  en- 
richment in  depth,  the  next  concern  is  how  to  provide 
it.  Because  the  bright  pupil  is  a good  reader,  some 
teachers  are  tempted  to  keep  him  busy  with  special 
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reports.  He  is  the  person  assigned  to  look  up  topics 
in  encyclopedias  or  other  reference  books;  but  such 
assignments  are  all  too  frequently  carried  out  by  copy- 
ing lengthy  excerpts  from  the  source.  Special  reports 
need  not,  of  course,  be  pedestrian  or  routine.  A book 
such  as  King  Solomon's  Ring,  by  Konrad  Lorenz,  with 
its  fascinating  observations  of  animals,  not  only  brings 
additional  knowledge  to  the  bright  pupil  in  the  fifth 
or  sixth  grade  who  reads  it,  but  is  likely  also  to  inspire 
him  to  observe  systematically  his  pet  goldfish  or  dog, 
the  birds  in  the  backyard,  the  squirrels  in  the  park, 
and  other  animals  in  his  environment.  But  all  science 
study  cannot  be  carried  on  only  through  vicarious 
activities;  directed  observation  and  experimentation, 
to  discover  more  advanced  concepts  or  to  apply  ac- 
quired concepts  to  more  difficult  problems,  should 
also  be  encouraged  in  the  bright  pupil. 

Let  us  examine  two  different  activities  proposed 
in  connection  with  the  study  of  the  unit  entitled  "How 
Animals  Behave"  (Book  6).  One  activity  asks  that 
the  student  find  the  answer  to  the  question  of  whether 
differences  between  species  or  differences  between 
breeds  of  the  same  species  are  greater.  Pupils  are  in- 
structed to  carry  on  a series  of  observations  on  dogs 
and  cats — recording  the  animals'  approaches  to  food, 
their  manner  of  eating,  and  their  behavior  after  the 
food  has  been  eaten.  By  selecting  various  breeds  in 
each  category,  comparisons  across  breeds  as  well  as 
across  species  can  be  made,  and  data  can  be  gathered 
to  answer  the  question.  The  activity  serves  as  rein- 
forcement for  key  ideas  covered  in  the  text;  it  is  one 
that  can  be  carried  out  even  by  slow  learners  who, 
hopefully,  will  become  more  aware  of  similarities  and 
differences  in  animals.  It  is  structured  carefully  so  that 
directions  can  be  followed  easily.  Note  that  alternative 
answers  to  the  question  under  investigation  are  sug- 
gested: either  the  differences  across  species  or  the  dif- 
ferences across  breeds  are  greater;  the  problem  for 
pupils  is  to  find  data  to  support  one  of  the  two  possi- 
bilities— an  easy  task  even  for  the  slow  learner. 


Now  let  us  examine  a second  activity  suggested  in 
connection  with  the  unit  "How  Animals  Behave."  In 
this  activity,  the  pupils  are  asked  to  select  a category 
under  which  observations  of  animals  might  be  col- 
lected— moving-about  behaviors,  courting,  nesting, 
taking  care  of  the  young,  and  signaling.  First  the  pupil 
must  decide  which  category  and  what  questions  he 
will  seek  to  answer  about  that  category.  Here,  we  will 
be  concerned  only  with  the  "moving-about"  behaviors 
of  animals.  A pupil  might  ask,  "What  is  the  effect  of 
temperature  change  upon  behavior?  Do  animals  move 
faster  or  slower  when  the  temperature  rises?"  To  find 
the  answer,  the  pupil  must  vary  temperature  con- 
ditions, choosing  animals  such  as  ladybugs,  earth- 
worms, or  ants,  which  would  be  easy  to  collect  and 
work  with.  He  must  plan  and  construct  a temperature 
box,  perhaps  heating  one  end  with  an  electric  bulb 
while  the  other  is  left  at  room  temperature  or  chilled 
by  a tray  of  ice  cubes.  Next  he  must  put  the  animals 
into  the  center  of  the  box  and  observe  their  behavior. 
Then  he  must  use  his  observations  and  those  of  his 
classmates  to  discover  key  concepts  about  moving- 
about  behaviors,  checking  out  the  particular  variable 
he  has  selected  for  testing  and  perhaps  noting  other 
variables  worthy  of  trying  out. 

Note  that  this  activity  is  not  structured  step  by  step 
for  the  pupil.  He  is  not  given  a choice  of  hypotheses 
for  testing;  he  must  use  his  logical  reasoning  powers 
to  figure  out  what  is  worthy  of  testing.  Nor  is  he  told 
what  to  do  to  test  his  hypotheses;  the  plan  for  experi- 
mentation will  be  a product  of  his  own  creativity. 

Such  an  activity  can  provide  the  challenge  to 
which  bright  pupils  respond.  When  they  first  begin  to 
do  independent  experimentation,  they  will  need  help. 
The  teacher  must  teach  them  the  process — how  to  se- 
lect the  variable  for  testing,  how  to  set  up  adequate 
controls,  and  how  to  collect  data. 

To  summarize,  activities  and  experiments  that 
place  a high  premium  on  logical  reasoning  and  cre- 
ativity must  be  provided  for  gifted  pupils.  Enough 
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help  should  be  given  so  that  they  do  not  flounder,  but 
they  should  be  allowed  independence  in  working  out 
solutions  to  problems. 

School  Organization  and 
Individual  Differences 

In  recent  years  many  innovations  in  the  organiza- 
tion of  the  elementary  school  have  been  effected  to 
take  care  of  individual  differences.  Nongrading,  team 
teaching,  and  dual-progress  plans  are  three  such  inno- 
vations. No  attempt  will  be  made  here  to  weigh  the 
advantages  and  disadvantages  of  each  plan;  we  will 
merely  point  out  implications  of  each  plan  for  the 
teaching  of  science. 

In  the  nongraded  school,  grade  labels  are  re- 
moved, and  children  are  assigned  to  a teacher  accord- 
ing to  reading  level.  Thus  one  teacher  of  8-year- 
old  children  might  have  an  accelerated  class  capable 
of  reading  fourth  grade  books,  while  another,  with  a 
slow-moving  secfjon,  might  have  pupils  reading  at  the 
second  grade  level.  Homogeneous  grouping,  whether 
on  the  basis  of  intelligence  test  scores  or  reading  abil- 
ity, has  always  had  an  appeal  for  teachers;  teaching 
would  be  so  much  easier  and  more  effective  “if  only 
individual  differences  could  be  taken  care  of  by  some 
kind  of  administrative  device."  Unfortunately  (or  for- 
tunately, depending  upon  one's  viewpoint),  they  can- 
not be.  In  an  accelerated  class  of  8-year-olds,  all 
the  children  may  be  able  to  read  easy  fourth  grade 
books,  but  some  can  read  fifth  grade  books  and  some 
do  even  better.  The  teacher  must  still  cope  with  the 
problem  of  providing  for  those  children  who  are  capa- 
ble of  doing  more  advanced  work. 

A practical  method  of  obtaining  appropriate  read- 
ing materials  is  to  borrow  books  on  the  same  subject 
from  higher  grades.  Many  teachers  are  reluctant  to  do 
this  for  fear  that  the  teacher  of  the  higher  grades  may 
say,  “But  what  will  they  read  when  they  are  in  my 
room?"  The  problem  is  one  of  coordination  within  a 


school  so  that  plans  are  formulated  to  enable  pupils 
to  encounter  challenging  materials  each  year.  In  many 
schools,  teachers  pass  along  a list  of  the  texts  read  in 
one  year,  so  that  the  next  year's  teacher  can  plan  real- 
istically. In  place  of  assigning  texts  according  to  aver- 
age reading  level,  as  is  commonly  done  in  nongraded 
schools,  a teacher  can  select  texts  that  will  take  indi- 
vidual pupils  higher  on  the  reading  ladder.  In  place 
of  a single  text  at  one  grade  level,  a teacher  will  have 
two  or  more  levels  to  use  with  a class.  Junior  high 
school  texts  may  be  introduced  into  accelerated  classes 
of  twelve-year-olds  if  the  need  occurs. 

Nongrading  is  a vertical  form  of  organization  of 
the  elementary  school;  team  teaching  represents  a 
horizontal  form.  In  some  schools,  team  teaching  dif- 
fers little  from  departmentalization,  with  different 
teachers  who  work  as  a team  assuming  the  responsi- 
bility for  teaching  different  subjects  to  the  same  chil- 
dren. As  originally  conceived,  however,  a team  con- 
sisting of  a master  teacher  and  several  assistants 
would  be  responsible  for  the  instruction  of  about  sixty 
children.  The  master  teacher  in  a fourth  grade  might 
make  a presentation  to  the  whole  group  or  conduct  a 
demonstration,  while  assistants  working  with  no  more 
than  fifteen  children  would  supervise  reading  assign- 
ments and  follow-up  activities. 

Team  teaching  offers  certain  advantages  for  sci- 
ence instruction,  particularly  in  its  provision  for  small- 
group  work.  The  ratio  of  one  assistant  to  fifteen  pupils 
means  many  more  opportunities  for  pupil  participa- 
tion in  asking  and  answering  questions  and  in  engag- 
ing actively  in  experiments.  Whether  or  not  such  op- 
portunities are  utilized  depends,  of  course,  on  careful 
planning  by  the  team.  The  practice  of  giving  large 
group  lectures  or  demonstrations,  however,  needs  to 
be  examined  critically.  It  is  a rare  teacher,  indeed, 
who  can  hold  the  attention  of  large  groups  of  imma- 
ture pupils  for  the  length  of  a science  lesson.  Where 
team  teaching  is  in  vogue,  it  is  better  to  confine  the 
whole-group  sessions  to  demonstrations  requiring 
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much  time  to  set  up;  these  sessions  should  have  a fast 
enough  pace  to  ensure  maximum  pupil  attention. 

The  dual-progress  plan — another  plan  of  organi- 
zation— organizes  the  school  both  horizontally  and 
vertically.  For  children  above  the  third  grade,  the  day 
is  divided  into  two  parts:  graded  and  nongraded. 
Pupils  spend  the  graded  half  of  the  day  with  a core 
teacher  who  teaches  language  arts  and  social  studies. 
During  the  nongraded  half  of  the  day,  subject-matter 
specialists  take  over,  including  one  for  science  and 
arithmetic.  For  special  subjects,  children  are  grouped 
not  according  to  age  or  grade,  but  according  to  apti- 
tude, interest,  and  achievement.  A fourth  grade  pupil, 
for  example,  if  science  is  one  of  his  strengths,  might 
find  himself  with  older  children  in  the  science  class. 
For  special  subjects  in  which  he  is  weak,  he  might  find 
himself  with  younger  children.  Thus  the  plan  provides 
for  intraindividual  variability — a distinct  advantage 
in  teaching  a subject  such  as  science  where  talent  may 
become  evident  in  the  intermediate  grades.  An  addi- 
tional advantage  is  that  the  special  teacher  is  usually 
better  prepared  in  the  subject  matter  and  therefore  pre- 
sumably able  to  do  a better  job  of  building  concepts. 

TEACHING  SCIENCE  TO  CULTURALLY 
DISADVANTAGED  CHILDREN 

There  are  teachers  in  both  rural  and  urban  areas  of 
the  United  States  whose  classes  consist  almost  en- 
tirely of  children  of  the  poor.  These  children  present 
special  learning  problems,  for  their  impoverished  en- 
vironment has  not  provided  experiences  that  help 
mental  structures  to  develop  and  intelligence  to  grow. 
Their  homes  lack  the  toys,  books,  pencils,  paper,  and 
mechanical  equipment  that  offer  opportunities  for  dis- 
covery. Their  parents,  themselves  disadvantaged  as 
children,  lack  the  knowledge  and  skills,  as  well  as  the 
facility  with  language,  to  call  children's  attention  to 
phenomena  or  to  answer  questions  and  raise  prob- 
lems; thus,  it  is  difficult  for  them  to  furnish  their  chil- 


dren with  science  information  and  to  make  the  chil- 
dren more  curious  about  the  world. 

In  his  day-to-day  living,  the  middle-class  child  has 
countless  experiences  that  provide  readiness  for  sci- 
ence. His  picture  books  provide  training  in  observa- 
tion, sharpened  by  the  mother's  comments  as  she  calls 
attention  to  details  of  size,  color,  shape,  and  cause- 
and-effect  relationships.  He  takes  a bath  and  observes 
floating  objects  in  the  tub.  He  goes  for  walks  with 
parents  who  comment  on  shadows,  budding  trees,  a 
squirrel's  nest,  how  a woodpecker  gets  its  food,  and 
what  the  position  of  the  sun  in  the  sky  tells  us  about 
the  approach  of  suppertime.  By  the  time  he  enters 
school,  the  middle-class  child  has  developed  mental 
structures  upon  which  he  can  draw  for  solutions  to 
new  problems.  The  lower-class  child,  lacking  the  sim- 
ple mental  structures  because  of  environmental  limi- 
tations, often  cannot  grasp  the  more  difficult  problems 
with  which  he  is  confronted. 

There  are  three  ways  in  which  the  teacher  can 
help  to  compensate  for  a child's  impoverished  back- 
ground. First,  the  teacher  must  provide  a rich  lan- 
guage environment  for  the  child.  Language  facilitates 
the  development  of  logical  thought.  A child  who 
doesn't  know  the  names  of  domestic  animals  as  com- 
mon as  "cow"  is  obviously  going  to  have  difficulty  in 
learning  the  concept  of  "animal."  A child  who  lacks 
the  vocabulary  to  describe  dimensions  is  not  going  to 
be  able  to  deal  adequately  with  the  notion  that  as 
one  dimension  gets  longer,  another  gets  thinner. 

The  first  two  books  in  The  Macmillan  Science 
Series  are  illustrated  profusely.  The  teacher  can  use 
the  pictures  to  build  vocabulary.  The  teacher  can  sup- 
ply labels  not  only  for  objects  but  also  for  the  prop- 
erties of  the  objects — shape,  color,  texture,  size,  and 
weight.  The  teacher  can  introduce  comparative  terms 
such  as  "taller  than,"  "heavier  than,"  "darker  than." 
The  teacher  can  teach  the  terms  to  describe  length, 
width,  depth,  weight,  and  other  dimensions.  The  child 
who  knows  the  terms  is  more  aware  of  properties  of 
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objects  in  his  environment,  and  these  can  help  him 
progress  beyond  the  stage  of  sizing  up  an  object  in 
terms  of  whatever  variable  stands  out  perceptually. 

Beyond  the  primary  grades,  the  teacher  must  con- 
tinue work  on  vocabulary  development.  Interestingly 
enough,  it  is  not  the  technical  vocabulary  (e.g.  "atom") 
that  presents  a problem  (provided,  of  course,  the 
teacher  presents  the  technical  terms  with  proper  back- 
ground); it  is  the  vocabulary  to  carry  on  ordinary  life 
activities,  which  should  have  been  built  during  the 
early  years,  that  is  lacking.  The  child  learns  "pendu- 
lum," but  he  doesn't  know  the  phrase  "back  and 
forth"  to  describe  its  movement.  Getting  children  to 
talk  about  what  is  going  on  as  they  carry  out  experi- 
ments reveals  these  deficiencies.  To  counter  this  situa- 
tion, the  teacher  can  supply  the  terms,  have  the  child 
use  them,  and  review  them  in  context  from  time  to 
time. 

The  second  recommendation  for  teaching  science 
to  culturally  disadvantaged  children  is  to  provide 
more,  not  fewer,  sensorimotor  experiences  than  for 
middle-class  children.  The  culturally  deprived  child 
cannot  learn  science  solely  by  reading  about  it.  He 
does  not  bring  to  the  written  word  a reservoir  of  cog- 
nitive structures  built  up  out  of  firsthand  experiences. 
To  understand  the  physical  world,  he  must  act  upon 
it.  There  are  9-year-old  culturally  disadvantaged 
children  who  are  not  mentally  retarded,  but  who  do 
not  know  that  if  someone  drops  an  object  into  a glass 
of  water,  the  water  level  will  rise.  It  is  not  enough  for 
the  child  merely  to  read  about  the  effect  of  one's 
actions;  the  child  must  experience  it  firsthand,  assimi- 
lating information  directly  from  the  activity.  Thus,  in 
Book  2,  if  the  disadvantaged  child  is  to  understand 
gears,  he  needs  to  use  an  eggbeater  (a  new  experience 
for  most  children  of  that  age)  and  observe  how  the 
gears  are  used  to  turn  the  beaters.  Even  more  impor- 
tant, he  needs  to  construct  models  of  physical  proc- 
esses. As  he  makes  and  operates  the  endless  belt  de- 
scribed on  pages  54  and  55,  Book  2,  he  can  see  how. 


when  one  wheel  is  turned,  the  belt  is  made  to  move. 
He  can  see  the  force  of  the  first  moving  wheel  carried 
to  the  second.  Such  an  experience  builds  the  cognitive 
structures  necessary  to  comprehend  how  a force  is 
passed  from  one  part  of  a machine  to  another  part 
some  distance  away,  and  how  twisting  the  belt  into 
a figure  eight  makes  the  wheels  turn  in  opposite  direc- 
tions and  so  changes  the  direction  of  the  force. 

Teachers  will  find  additional  activities  included  in 
the  teaching  suggestions  at  the  sides  of  each  page  of 
text.  Those  involving  actual  motor  activity  are  par- 
ticularly appropriate  in  compensatory  education. 

The  third  suggestion  for  helping  disadvantaged 
children  is  to  build  up  their  background  of  general 
information.  Even  at  age  10,  these  children,  in  re- 
sponse to  questioning,  are  likely  to  say  that  a duck  is 
not  a bird  because  ducks  can't  fly,  and  that  birds  and 
ducks  can't  be  related  because  birds  don't  swim.  Chil- 
dren can  glean  a great  deal  of  general  information 
from  attractive  picture  books  that  are  placed  on  the 
science  table.  One  fourth  grade  child  very  nicely 
solved  an  animal-classification  problem  on  the  basis 
of  information  assimilated  from  picture  books.  As  he 
put  it,  "I  know  ducks  are  birds  because  I could  see 
in  the  pictures  that  there  were  some  things  the  same, 
and  I figured  out  that  if  it's  got  feathers  and  wings 
it's  got  to  be  a bird,  and  it  doesn't  count  if  it  doesn't 
fly."  In  Piaget's  language,  equilibration  occurred;  the 
boy  had  given  up  an  earlier,  erroneous  notion  and 
accommodated  the  new  information  being  assimilated. 

Note  that  in  all  of  the  examples  cited  above  there 
are  opportunities  for  furthering  logical  development. 
The  teacher  can  emphasize  whole-part  relations  when 
discussing  pictures  with  children.  Relative  terms  such 
as  "longer  than"  and  "thinner  than"  aid  children  in 
understanding  that  a change  in  one  dimension  may 
be  compensated  for  by  a change  in  another,  with  re- 
sulting conservation.  Testing  of  disadvantaged  chil- 
dren at  the  University  of  Illinois  reveals  that  they  are 
lower  on  tests  of  logical  development  than  middle- 


class  children.  Compensatory  education  must  include 
special  attention  to  ensure  the  optimum  development 
of  logical  processes  in  disadvantaged  children. 

FIELD  STUDIES  IN  SCIENCE  TEACHING 

Science  becomes  meaningful  for  children  only  as  it 
helps  them  interpret  their  environment.  Classrooms, 
science  books,  audiovisual  materials,  and  laboratory 
equipment  are  not  the  only  means  by  which  this 
purpose  is  to  be  achieved.  At  best  they  represent 
the  beginning  of  the  process.  Ultimately,  what  is 
learned  from  a science  book,  a motion  picture,  or  a 
laboratory  demonstration  must  be  applied  or  used  in 
situations  beyond  the  classroom  if  it  is  to  have  perma- 
nent educational  value.  Field  studies  are  planned 
learning  activities  that  take  place  outside  the  class- 
room. 

Teachers  often  assume  that  once  a science  con- 
cept is  dealt  with  in  the  classroom,  pupils  will  use  it  on 
their  own  for  out-of-classroom  activities.  It  is  possible 
that  a few  may  do  so,  and  rather  extensively.  Some 
may  use  the  concept  on  a relatively  limited  scale.  But 
many  of  the  pupils  may  never  relate  the  pertinent  con- 
cepts to  the  things  that  are  happening  about  them.  For 
example,  in  a unit  on  conservation,  pupils  may  read 
about  ways  in  which  runoff  water  erodes  unprotected 
soil.  They  may  view  a film  that  shows  the  process  tak- 
ing place.  They  may  even  do  a classroom  experiment  to 
measure  the  soil  eroded  from  protected  and  unpro- 
tected surfaces  by  a measured  quantity  of  runoff 
water.  But  what  happens  when  the  pupils  leave  the 
classroom?  Do  they  recognize  places  where  soil  is  be- 
ing eroded?  Do  they  suggest  ways  in  which  the  ero- 
sion can  be  controlled?  More  important,  do  they 
attempt  to  do  something  about  it?  If  the  science  of 
soil  conservation  is  to  become  meaningful  to  pupils, 
learning  about  it  must  extend  beyond  the  classroom 
into  actual  situations  where  the  phenomena  are  tak- 
ing place. 


After  considering  the  question  of  how  science  con- 
cepts dealing  with  soil  conservation  should  be  made 
more  meaningful  to  pupils,  a teacher  might  decide 
that  three  types  of  field  studies  would  be  appropriate. 

One  type  has  to  do  with  locating  places  in  the 
schoolyard  or  in  nearby  spots  where  soil  is  being 
eroded.  Before  the  pupils  started  on  their  search,  the 
teacher  would  alert  them  to  the  kinds  of  evidence  that 
indicate  that  soil  is  being  eroded.  These  include  soil 
that  has  been  washed  onto  sidewalks,  roots  of  trees 
that  have  been  exposed  by  the  erosion  of  soil,  small 
gulleys  showing  that  erosion  has  started,  and  deltas  of 
soil  that  have  been  deposited  by  water.  After  pupils 
had  learned  how  to  spot  the  evidence,  they  would  pro- 
ceed as  a class  or  in  small  groups  to  locate  places  of 
erosion  in  the  area.  Following  the  group  activity, 
pupils  could  be  asked  to  look  for  other  places  near 
their  homes  and  report  their  findings  to  the  class. 

A second  type  of  field  study  might  be  to  select 
one  of  the  places  where  soil  erosion  is  taking  place 
and  plan  ways  of  stopping  it.  Ideally,  this  should  be  a 
place  near  the  school  where  everyone  can  take  part. 
Some  pupils  might  undertake  individual  control  proj- 
ects in  their  own  communities. 

A third  type  of  field  study  might  be  to  visit  a 
place  where  a planned  procedure  is  being  used  on  a 
large  scale  to  control  soil  erosion.  This  might  be  a 
farm,  a public  park,  a housing  development,  or  new 
highway  construction.  The  persons  who  are  responsi- 
ble for  the  plan  would  answer  pupils'  questions. 

Based  upon  the  above  descriptions  of  three  types 
of  field  studies  having  to  do  with  soil  erosion,  it  is 
reasonable  to  expect  the  following  educational  pur- 
poses to  be  accomplished  by  such  activities; 

1.  Reinforcement  of  science  concepts  taught  in  the 
classroom  by  observing  the  concepts  in  action. 

2.  Development  of  the  habit  of  viewing  the  en- 
vironment in  the  light  of  concepts  introduced  in  the 
classroom. 


3.  Recognition  of  situations  that  represent  prob- 
lems in  need  of  solution. 

4.  Personal  involvement  in  solving  such  problems 
and  the  development  of  the  required  skills. 

5.  Acquaintance  with  efforts  to  deal  with  such 
problems. 

6.  Acquaintance  with  agencies  and  people  who  as- 
sume responsibility  for  the  problems  in  question. 

There  are  a number  of  matters  that  must  be  con- 
sidered when  using  field  studies  in  teaching  elemen- 
tary school  science. 

Background  Preparation 

Generally,  it  is  desirable  to  develop  the  pertinent 
conceptual  background  before  undertaking  a field 
study.  In  the  above  examples,  reading  about  soil  ero- 
sion and  its  causes  (Book  3,  "Our  Planet  Earth"; 
Book  6,  "Life  on  the  Earth"),  viewing  a film  that 
shows  how  the  process  takes  place,  performing  experi- 
ments to  determine  the  effectiveness  of  plant  cover  in 
reducing  erosion,  and  discussing  the  facts  involved 
would  help  to  build  the  essential  conceptual  back- 
ground for  the  three  field  studies.  This  would  give 
children  the  "eyes"  with  which  to  observe  and  inter- 
pret their  observations. 

Comprehensiveness  of  the  Field  Study 

The  field  study  should  not  be  so  comprehensive 
that  teachers  and  pupils  "get  lost"  in  carrying  it  out. 
In  the  above  examples,  there  were  three  distinct,  man- 
ageable phases  involved.  Each  phase  had  a specific 
purpose  to  accomplish.  The  first  phase  had  to  do  with 
locating  places  where  soil  erosion  was  taking  place. 
The  second  was  the  selection  of  one  of  these  for  fur- 
ther study.  The  third  was  finding  out  how  other  people 
solve  the  problem  on  a larger  scale. 


Personal  Commitment 

Wherever  possible,  the  field  study  should  provide 
for  a personal  commitment  from  each  pupil.  In  these 
studies  each  pupil  was  encouraged  to  locate  places 
where  soil  erosion  was  taking  place  in  his  neighbor- 
hood and  to  share  his  findings  with  the  class.  In  addi- 
tion to  work  on  the  class  control  project,  individual 
pupils  were  encouraged  to  undertake  small-scale  con- 
trol in  their  own  neighborhoods. 

Preplanning 

Preplanning  can  pay  high  dividends  in  accomplish- 
ing the  specific  purposes  of  a field  study.  There  are 
two  aspects  to  preplanning:  the  teacher's  preplanning 
by  himself  and  the  preplanning  that  the  teacher  does 
with  his  pupils.  It  is  reasonable  to  assume  that  pre- 
planning on  the  part  of  the  teacher  would  lead  to  the 
decision  to  conduct  the  three  field  studies  in  the  se- 
quence described  earlier.  He  would  be  responsible  for 
planning  and  making  decisions  regarding  the  feasibil- 
ity of  various  approaches  to  each  study.  He  would 
also  have  the  responsibility  for  making  administrative 
arrangements.  He  would  then  involve  his  pupils  in 
planning  the  details. 

Prior  to  the  first  field  study  (that  of  locating  places 
where  erosion  had  taken  place),  the  teacher  and  pupils 
would  work  together  in  deciding  upon  the  kinds  of 
evidence  that  they  would  look  for.  They  would  make 
plans  for  recording  the  evidence  and  indicating  the 
places  where  the  evidence  was  found.  They  would 
plan  how  to  proceed  from  the  classroom  to  the  places 
they  were  going  to  visit.  They  would  plan  how  the 
time  allotted  for  the  study  would  be  used. 

Field  Studies  as  Investigations 

Field  studies  should  be  carried  out  as  investiga- 
tions rather  than  as  idle  excursions  away  from  school. 
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To  be  an  investigation,  a field  study  must  have  a 
clearly  defined  purpose.  Although  children  will  use 
many  skills,  such  as  those  involved  in  communicating, 
observing,  comparing,  classifying,  interpreting,  and 
evaluating,  the  development  of  these  should  not  be- 
come the  primary  purpose  of  a field  study  carried  out 
as  an  investigation.  Its  purpose  should  be  to  obtain 
information  and/or  to  solve  a problem. 

In  the  first  field  study  on  soil  erosion,  the  purpose 
was  to  locate  places  where  erosion  was  taking  place. 
In  the  second,  it  was  to  suggest  ways  to  control  erosion 
in  one  of  the  locations.  In  the  third,  it  was  to  find  out 
how  erosion  is  controlled  on  a large  scale.  The  pur- 
pose of  each  investigation  should  be  made  clear  to  all 
who  are  involved  in  it.  Each  activity  in  the  investiga- 
tion should  relate  clearly  to  its  purpose. 

Where  investigations  involve  the  collection  of  spe- 
cific data,  plans  should  be  made  for  recording  them 
in  an  organized  manner.  The  organization  will  be  de- 
termined by  the  manner  in  which  the  data  are  to  be 
used.  For  example,  if  the  field  study  is  to  locate  places 
where  soil  is  being  eroded  by  runoff  water,  a decision 
will  have  to  be  made  regarding  the  area  to  be  ex- 
plored. Suppose  it  were  limited  to  the  school  grounds 
or  to  a vacant  lot  near  the  school  or  to  a three-square- 
block  area  adjacent  to  the  school.  Before  the  explora- 
tion was  begun,  a decision  would  have  to  be  made 
regarding  the  method  of  recording  the  sites  of  erosion 
once  they  were  found.  In  this  case  it  would  be  reason- 
able to  use  a mapping  method.  A map  would  be 
drawn  of  the  area.  The  map  would  be  duplicated  and 
each  pupil  given  a copy.  As  erosion  sites  were  found, 
they  might  be  located  on  the  map  by  placing  an  X at 
the  appropriate  spots.  Some  legend  might  even  be 
used  to  indicate  how  severe  the  erosion  was  at  the 
different  sites.  These  data  could  then  be  referred  to  in 
selecting  the  one  area  that  would  become  the  test 
site  for  the  control  study. 

Where  the  investigation  has  to  do  with  solving  the 
erosion  problem  in  one  of  the  places,  other  methods 


of  recording  data  might  be  used.  First,  a record  should 
be  made  of  the  nature  and  extent  of  erosion  at  the 
selected  site.  Next,  the  method  by  which  the  erosion 
is  to  be  checked  should  be  recorded.  Finally,  the  re- 
port should  be  concluded  with  statements  regarding 
the  apparent  success  of  the  method  used. 

Where  the  investigation  has  to  do  with  finding  out 
what  methods  are  used  to  control  erosion  on  a large 
scale,  the  data  would  probably  be  recorded  as  answers 
to  a list  of  questions  prepared  before  the  trip  was 
taken  to  the  site.  Different  pupils  might  be  given  the 
responsibility  for  obtaining  answers  to  certain  of  the 
listed  questions.  After  the  answers  were  obtained,  the 
study  would  be  concluded  by  a written  report  that 
explained  a method  of  controlling  soil  erosion  on  a 
large  scale. 

Each  investigation  should  culminate  in  something 
that  represents  a record  of  what  was  accomplished  as 
a result  of  the  investigation.  Investigations  should  run 
full  cycle,  from  purpose  back  to  purpose.  The  findings 
of  the  field  study  should  be  reported  in  ways  that  show 
how  the  purpose  of  the  field  study  was  accomplished. 

The  Size  of  the  Group 

Where  it  is  impractical  for  the  entire  class  to  par- 
ticipate in  a field  study,  a similar  group  of  pupils  or 
an  individual  pupil  might  conduct  the  study  for  the 
class.  Suppose  that  the  problem  of  transportation  to 
the  site  where  large-scale  soil  conservation  was  being 
practiced  precluded  the  possibility  of  the  entire  class's 
making  the  trip.  The  teacher  or  one  of  the  parents 
might  take  one  or  more  pupils  to  the  site.  They  could 
obtain  answers  to  the  questions  that  the  class  had 
prepared.  Arrangements  might  even  be  made  for  them 
to  take  pictures  to  illustrate  the  various  practices. 
These  could  be  used  in  making  a report  to  the  whole 
class. 

There  are  various  ways  in  which  teachers  can 
learn  about  the  types  of  field  studies  that  might  be 
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carried  out  by  their  pupils.  In  Science  for  Tomorrow's 
World,  field  studies  are  suggested  at  appropriate 
places  in  the  pupil's  text  and  in  the  Teachers'  Anno- 
tated Edition: 

BOOK  1 

Visit  a pet  shop  (p.  99). 

BOOK  2 

Compare  the  warm  and  cool  ground  outside 
your  school  or  house  (p.  111). 

BOOK  3 

Visit  a planetarium  (p.  35). 

Plan  a trip  to  a museum  (p.  89). 

Visit  a food  market  or  a farm  (p.  219). 

BOOK  4 

Visit  a public  library  (p.  131). 

Visit  a fire  station  (p.  309). 

Visit  a water  purification  plant  (p.  314). 

BOOK  5 

Visit  a botanical  garden  (p.  75). 

Visit  a drug  company  (p.  163). 

Visit  a textile  factory  (p.  208). 

Visit  a weather  station  (p.  261). 

BOOK  6 

Visit  an  electric  utility  company  (p.  140). 

Visit  an  astronomical  observatory  (p.  190). 

Visit  a biome  (p.  296). 

Visit  a zoo  (p.  341). 

The  soil  erosion  field  studies  described  earlier  come 
from  this  source.  Generally,  schools  which  have  de- 
tailed courses  of  study  include  field  studies  among  the 
suggested  learning  activities.  Science  and  Children, 
published  by  the  National  Science  Teachers  Associa- 
tion, 1201  Sixteenth  Street,  N.W.,  Washington,  D.C., 
is  designed  primarily  for  elementary  school  teachers. 
Each  issue  contains  articles  that  include  out-of-class- 
room  activities  in  elementary  science. 


Some  school  systems  supply  teachers  with  guides 
to  sites  in  the  community  where  field  studies  may  be 
conducted.  These  guides  include  such  information  as: 

1.  Name  of  site. 

2.  Location  and  directions  for  reaching  it. 

3.  Age  level  for  which  its  use  is  best  suited. 

4.  Science  topics  to  which  the  use  of  the  site  is 

related. 

5.  Data  which  might  be  obtained  at  the  site. 

6.  Specimens  or  materials  that  could  be  collected. 

7.  Times  most  suitable  for  visiting. 

8.  Person  with  whom  arrangements  should  be 

made. 

9.  Special  regulations. 

10.  Safety  factors  to  consider. 

11.  Evaluation  statements  made  by  those  who  have 
previously  visited  the  site. 

Sometimes  good  ideas  for  field  studies  can  be  ob- 
tained by  talking  over  the  problem  with  other  teach- 
ers, especially  secondary  school  science  teachers.  Fi- 
nally, elementary  school  teachers  should  not  under- 
rate their  own  creative  imagination  in  discovering  field 
studies  that  will  add  a new  dimension  to  their  science 
teaching. 

Evaluating  Field  Studies 

After  the  field  -study  is  completed,  it  should  be 
evaluated  by  teacher  and  pupils.  One  of  the  first  ques- 
tions to  ask  in  evaluating  a field  study  is,  "Did  it  ac- 
complish its  purpose?"  Where  it  failed,  the  next  perti- 
nent question  is,  "Why?"  The  answers  to  this  latter 
question  then  become  clues  to  the  safeguards  that 
should  be  exercised  in  the  next  field  study. 
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Suppose,  on  their  first  soil  erosion  field  study,  chil- 
dren failed  to  find  the  evidences  of  soil  erosion  that 
had  been  anticipated  by  the  teacher.  This  might  indi- 
cate that  the  teacher  had  not  done  a careful  job  in 
selecting  the  area  to  be  studied.  It  might  mean  that 
the  children  had  not  been  properly  briefed  regarding 
the  kinds  of  evidence  for  which  to  look.  It  might  also 
mean  that,  for  one  reason  or  another,  pupils  had  not 
observed  carefully  enough. 

Suppose,  on  their  second  field  study,  the  plan  de- 
veloped by  the  pupils  did  not  control  the  erosion.  This 
might  be  accounted  for  by  the  fact  that  they  had 
not  considered  all  causative  factors  and  thus  had  not 
provided  controls  for  some  of  them.  It  might  also  be 
that  the  plan  was  a good  one,  but  they  failed  to  carry 
out  some  phase  of  it. 

Both  teachers  and  pupils  experience  great  disap- 
pointment when  projects  such  as  field  studies  do  not 
turn  out  as  expected.  Both  are  tempted  to  forget  the 
whole  thing  and  to  go  on  to  something  else.  But  there 
is  always  a reason  for  things  not  turning  out  as  ex- 
pected. To  find  the  reasons  and  to  carry  out  another 
study  is  an  equally  important  educational  experience. 
From  it,  pupils  learn  that  one  must  have  as  many 
pertinent  facts  as  possible  before  making  his  plan,  and 
furthermore  that  his  plan  should  take  4II  pertinent 
facts  into  consideration.  Finally,  the  pupil  learns  that 
the  study  must  be  carried  out  in  terms  of  each  detail 
of  the  plan. 

Local  Conditions 

The  use  of  field  studies  has  to  be  adapted  to  local 
conditions.  One  local  condition  has  to  do  with  the 
availability  of  sites.  The  soil  erosion  field  studies  de- 
scribed earlier  are  those  that  could  be  carried  out  in 
most  school  situations.  Even  for  schools  located  in 
cities  where  there  are  asphalt-covered  playgrounds, 
the  teacher  and  class  should  not  have  to  go  far  from 
school  to  find  a vacant  lot  or  a small  park  area  where 


soil  is  exposed.  And  wherever  soil  is  exposed,  there 
will  be  erosion.  Somewhere,  in  practically  every  com- 
munity, new  buildings  or  houses  are  being  con- 
structed. F^ighway  construction  is  taking  place  across 
the  country.  In  these  places,  soil  is  being  exposed  to 
erosion. 

Records  of  Field  Studies 

A file  should  be  maintained  of  all  completed  field 
studies.  The  file,  prepared  by  the  teacher,  might  con- 
sist of  one-page  summaries  of  each  field  study,  sup- 
plemented by  a copy  of  one  of  the  better  reports  writ- 
ten by  the  pupils.  The  teacher's  summary  should  in- 
clude the  following  information: 

1.  Purpose  of  the  field  study. 

2.  The  science  unit  to  which  it  is  related. 

3.  The  site  and  person  with  whom  arrangements 
were  made. 

4.  The  number  of  pupils  involved. 

5.  Persons  who  assisted  with  the  study. 

6.  The  date  the  study  was  begun  and  the  date  it 
was  completed. 

7.  Problems  encountered,  along  with  notes  as  to 
how  each  problem  was  handled. 

8.  What  pupils  learned  from  the  study. 

9.  Points  to  keep  in  mind  in  planning  another, 
similar  study. 

Records  such  as  these  will  be  helpful  not  only  in 
future  planning  of  field  studies,  but  also  in  sharing 
ideas  about  field  studies  with  other  teachers.  The  shar- 
ing might  be  in  your  own  school  or  with  many  ele- 
mentary school  teachers  through  an  article  written  for 
a journal  such  as  Science  and  Children. 
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USING  THE  COMMUNITY 

There  are  a number  of  good  reasons  why  teachers 
should  make  maximum  use  of  their  communities 
in  teaching  science.  The  ways  in  which  science  relates 
to  the  lives  of  people  can  be  effectively  demonstrated 
by  activities  taking  place  in  the  community.  In  many 
communities  there  are  people  who  are  uniquely  quali- 
fied to  serve  as  authoritative  sources  of  scientific  infor- 
mation pertaining  to  many  of  the  topics  studied  in 
class.  Local  institutions  such  as  libraries,  museums, 
planetariums,  parks,  zoos,  and  aquariums  have  been 
established  as  sources  of  information  not  usually  avail- 
able elsewhere  in  the  community.  Finally,  through 
proper  use  of  community  resources,  the  people  in- 
volved become  better  acquainted  with  the  educational 
program  of  the  school  and  the  ways  in  which  teachers 
are  attempting  to  implement  it.  This  is  particularly 
important  in  elementary  science,  because  science  was 
not  taught  in  the  elementary  school  when  many  of  the 
community's  adults  were  pupils  themselves. 

Environmental  Resources 

Science  teaching  should  begin  with  the  ongoing 
experiences  of  children.  It  should  move  to  other  ex- 
periences from  which  children  can  gain  more  sophisti- 
cated insights  or  concepts.  Finally,  the  new  concepts 
should  be  used  to  reinterpret  aspects  of  the  immediate 
environment.  Science  then  becomes  a way  of  making 
the  environment  more  meaningful. 


The  child's  immediate  environment  is  the  com- 
munity in  which  he  lives.  It  is  both  a natural  environ- 
ment and  a man-made  environment.  His  natural  en- 
vironment includes  the  sky  above  him,  the  nearby 
woods  and  fields,  streams  and  ponds,  rain,  wind,  sun- 
light, clouds,  snow,  rocks  and  soil,  plants  and  animals, 
and  other  people.  His  man-made  environment  includes 
school  buildings  and  houses;  bicycles,  automobiles, 
trucks,  tractors,  and  airplanes;  highways,  railroads,  and 
streets;  telephones,  radios,  and  television;  rockets  and 
spacecraft;  filling  stations  and  airports;  stoves  and 
refrigerators;  baseballs  and  bats;  factories  and  stores; 
and  even  merry-go-rounds  and  Ferris  wheels.  Such  an 
analysis  as  the  above  could  be  extended  almost  in- 
definitely. What  is  indicated  is  that  the  community 
represents  a laboratory  with  almost  unlimited  re- 
sources for  teaching  science.  In  fact,  the  environ- 
mental resources  in  any  community  are  so  extensive 
that  teachers  may  find  it  difficult  to  know  where 
to  begin. 

Application  of  Concepts 

You  could  begin  by  writing  the  title  of  each  unit 
in  your  science  text  on  a separate  sheet  of  paper. 
Under  each  title,  list  the  topics  that  are  dealt  with  in 
that  unit.  Next  to  each  topic,  list  activities  in  your 
community  that  might  be  used  in  helping  to  teach  the 
concepts  with  which  the  topic  deals.  Here  is  an  exam- 
ple of  how  this  might  be  done  for  some  of  the  topics 
in  a unit  on  forces  (Book  4,  Unit  2): 


UNIT:  FORCES 

Community  Activities  and  Objects 
Topics  to  which  Concepts  Apply: 

Making  things  move  Men  loading  a truck  by  hand; 

Men  shoveling  gravel; 

Hoist  used  by  a construction  gang 
working  on  a building. 
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Forces  of  different  sizes 


Measuring  forces 


Keeping  things  from  moving 


Balancing  forces 


Forces  have  direction 


Bulldozer  digging  a basement  for  new 
apartment  houses; 

Car  lift  at  a local  filling  station; 

Automatic  door-opener  at  a 
supermarket. 

Scales  used  in  weighing  baggage  at 
an  airline  terminal; 

Scales  for  weighing  trucks  at  inspection 
stations  on  highways; 

Scales  for  weighing  children  in  the 
nurse's  office; 

The  recorded  weight  tests  of  fishing  lines' 
sold  in  a sporting  goods  store; 

Testing  air  pressure  in  tires  at  a filling 
station; 

Posted  load  limits  on  bridges; 

Posted  load  limits  on  elevators; 
Anemometer  at  a weather  station. 

Brakes  on  automobiles; 

Prop  reversal  for  slowing  down 
airplanes; 

Retaining  walls  on  the  side  of  a steep 
hill; 

Plant  cover  to  prevent  soil  erosion. 

Sanding  icy  streets; 

Supports  on  a stepladder; 

Timber  braces  in  a mine; 

Supporting  trees  to  protect  from 
high  winds; 

Bicycle  stands; 

Door  stops; 

Umbrella  stops; 

Scaffolding  to  support  workmen. 

Weather  vane  to  indicate  direction 
of  winds; 

Hitting  a baseball,  a tennis  ball,  or  a 
golf  ball;  throwing  a baseball  or  a 
bowling  ball;  shooting  baskets. 


Going  faster 


Roller  coaster; 
Streamlined  cars; 

Skiing  on  steep  slopes. 
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Changing  directions  Steering  wheels  on  automobiles; 

Rudders  on  airplanes; 
Handlebars  on  bicycles. 


These  are  only  a few  local  examples  of  how  certain 
science  concepts  are  applied.  As  you  search  for  others, 
many  more  may  be  found.  Once  the  searching  process 
is  started,  pupils  should  be  encouraged  to  take  part. 
As  pupils  find  additional  examples,  the  meaning  of 
the  concept  will  become  more  firmly  established  in 
their  minds. 

The  Community  as  a Source  of  Problems 

The  community  not  only  provides  many  examples 
of  how  science  concepts  are  being  applied,  but  it  is 
often  a source  of  problems  that  require  science  for 
their  solution.  Here  is  an  example  of  how  one  class 
became  involved  in  an  interesting  local  problem.  At 
about  the  time  the  class  had  completed  their  study 
of  a unit  on  conservation,  an  editorial  dealing  with 
the  disposition  of  unsightly  junked  car  bodies  ap- 
peared in  the  local  paper.  The  editorial  proposed 
/ that  the  bodies  be  dumped  into  one  of  the  Great 
Lakes — Lake  Ontario.  According  to  the  editorial,  this 
would  remove  an  eyesore  from  the  landscape  and  at 
the  same  time  provide  cover  at  the  bottom  of  the 
lake  for  fish.  In  fact  it  was  reported  that  local  fishermen 
were  in  favor  of  the  proposal. 

Since  pupils  in  this  science  class  had  learned 
about  the  importance  of  conserving  metals,  such  as 
those  used  in  making  car  bodies,  they  felt  that  the 
plan  would  be  a waste  of  mineral  resources.  They 
believed  it  would  be  much  better  to  reclaim  the 
metal,  and  so  they  decided  to  write  to  the  editor  of 
the  paper  about  their  opinions.  But  their  teacher  en- 


couraged them  to  check  all  of  the  facts  involved  in 
the  situation  before  they  wrote  the  letter. 

A clipping  of  the  editorial,  along  with  an  expla- 
nation of  what  the  science  class  proposed  to  do,  was 
sent  to  the  United  States  Department  of  the  Interior 
for  evaluation.  An  assistant  secretary  of  the  Depart- 
ment replied  with  a two-page  letter.  Two  paragraphs 
from  his  letter  are  quoted  below: 

With  respect  to  the  disposal  of  automobile 
bodies,  it  should  be  recognized  first  of  all  that 
the  major  part  by  weight  of  a junked  car — the 
chassis — is  very  largely  reclaimed,  either  for 
used  parts  or  for  steel  furnace  feed,  before 
the  unsightly  body  shell  arrives  in  a so-called 
automobile  graveyard.  These  shells  have  little 
or  no  reclamation  value  for  several  reasons. 
First,  enormously  expensive  machinery  must 
be  maintained  at  the  waste  dealer's  yard  in 
order  to  compact  the  bulky  shell  into  a form 
that  can  be  charged  into  a furnace;  second, 
a serious  smog  problem  is  involved  in  burning 
out  organic  material  like  upholstery  before 
the  compacting  can  take  place;  and  third, 
the  extensive  electrical  systems  in  modern 
automobiles  introduce  enough  copper  wiring 
in  the  shell  to  degrade  the  iron  and  steel 
reclaiming  in  smelting.  The  net  result  is  the 
absence,  in  most  instances,  of  a profit  incen- 
tive for  scrap  dealers  to  reduce  automobile 
bodies  to  a form  saleable  to  steelmakers  in 
competition  with  metal  derived  from  cheap 
and  plentiful  iron  ore. 
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Disposal  of  automobile  bodies  in  the  Great 
Lakes  raises  other  problems.  The  Depart- 
ment's Fish  and  Wildlife  Service  reports  that 
auto  bodies  have  been  dumped  offshore  into 
salt  water  apparently  without  harmful  effects, 
but  without  much  benefit  to  the  fish  because 
the  bodies  tend  to  fill  with  silt  and  to  lose 
form  through  rapid  rusting.  This  Service  notes, 
however,  that  disposal  in  the  fresh  water  of 
the  Great  Lakes  poses  other  objections,  in 
particular,  the  absorption  of  the  water's  oxy- 
gen, during  the  rusting  process,  from  waters 
already  seriously  deficient  in  this  gas  for  the 
support  of  valuable  aquatic  life  because  of 
other  wastes. 

It  is  quite  obvious  that  both  the  teacher  and  his  pu- 
pils, through  becoming  involved  in  this  community 
problem,  had  their  concepts  of  conservation  practices, 
as  well  as  the  science  involved,  extended  considerably 
beyond  the  unit  on  conservation  that  they  had  studied. 
In  addition,  the  pupils  learned  that  one  should  get 
all  the  evidence  before  making  a decision  about 
a problem  such  as  this  one.  At  first  the  problem 
appeared  to  be  a relatively  simple  one,  with  a clear- 
cut  solution.  However,  it  turned  out  to  be  much 
more  complex.  Finally,  they  learned  how  govern- 
ment agencies,  such  as  the  United  States  Depart- 
ment of  the  Interior,  can  be  sources  of  information. 

Resource  People  in  the 
School  and  Community 

In  some  schools,  files  are  kept  of  the  names  and 
addresses  of  persons  in  the  local  community  who 
may  be  used  as  resource  persons  for  various  purposes. 
These  generally  include  teachers  and  other  persons 
in  the  school.  Where  a school  does  not  have  such 
a file,  it  would  be  well  to  start  one.  A good  place 
to  begin  would  be  with  those  who  could  be  used  as 
resource  persons  in  the  elementary  science  program. 


In  addition  to  their  professional  teaching  compe- 
tence, there  often  are  teachers  in  school  systems  who 
have  had  other  experiences  that  qualify  them  to 
serve  as  resource  persons  in  elementary  science.  In- 
cluded among  these  would  be  experiences  in  outdoor 
recreational  activities  such  as  hunting,  fishing,  bird 
watching,  stargazing,  boating,  mountain  climbing, 
and  swimming;  industries  such  as  farming,  manufactur- 
ing, lumbering,  mining,  construction,  and  transpor- 
tation; institutions  such  as  hospitals;  agencies  such 
as  the  Forest  Service,  National  Park  Service,  and 
Conservation  Service;  and  hobbies  such  as  photogra- 
phy, radio,  aviation,  and  even  rocketry.  There  are 
people,  other  than  teachers,  in  the  community  who 
have  had  experiences  such  as  those  enumerated  above 
and  who  may  be  more  available  during  school  time. 
To  find  all  of  them  becomes  quite  a problem.  In  some 
schools  the  P.T.A.  takes  on  the  job  of  locating  them. 
This  is  generally  done  by  sending  out  a suitable 
questionnaire  to  the  patrons  of  the  school.  Where 
such  an  organized  search  is  not  possible,  teachers 
may  have  to  rely  upon  their  pupils  and  other  persons 
in  the  school  to  help  locate  resource  people  in  the 
community. 

Usually  there  are  a number  of  professional  peo- 
ple in  communities  who,  by  virtue  of  their  professions, 
potentially  qualify  as  resource  persons  in  science. 
These  include  scientists,  engineers,  doctors,  and 
nurses.  There  are  others  whose  business  or  work  may 
qualify  them  as  resource  persons.  These  include  air- 
plane pilots,  firemen,  laboratory  technicians,  food 
processors,  manufacturers,  builders,  and  automotive 
mechanics.  A good  way  to  locate  others  in  this  latter 
category  is  to  examine  the  classified  telephone  direc- 
tory of  your  community. 

Museums  as  a Community  Resource 

If  your  school  is  located  in  a community  that 
has  a museum,  you  will  surely  want  to  use  it  as  a 


resource  in  your  science  teaching.  Your  school 
may  have  an  inventory  of  the  museum  facilities 
available  for  school  use.  If  it  does,  you  should  ex- 
amine it  to  determine  which  ones  would  be  suitable 
in  your  science  course.  If  it  doesn't,  you  can  write 
to  the  curator  of  the  museum  for  such  information. 
Here  is  a partial  list  of  exhibits  listed  in  the  general 
guide  to  one  rather  large  museum: 

Minerals  and  gems 

Fossil  fish 

Dinosaurs 

Ice  age  mammals 

Insects  and  spiders 

Fishes 

Amphibians  and  reptiles 

Birds 

Mammals 

Animal  behavior 

Man  and  his  origin 

The  natural  history  of  man 

Ecology 

North  American  forests 

From  a list  such  as  this,  you  can  select  the  two 
or  three  which  you  think  might  be  worthwhile  for 
your  pupils  to  visit.  Next,  you  should  visit  the  museum 
to  find  out  more  about  the  exhibits  you  have  selected. 
When  you  do  this,  plan  to  spend  sufficient  time  to 
make  a reasonably  thorough  study  of  each  exhibit. 
Take  notes  on  points  of  particular  interest. 

There  are  two  ways  in  which  you  can  get  your 
pupils  to  the  museum.  Probably  the  best  way  is  to 
arrange  to  take  them  yourself.  If  you  do,  have  several 
parents  accompany  you  to  assist  in  supervising  the 
children.  Another  way  is  to  encourage  parents  to  take 
their  own  children.  Whichever  way  is  used,  some 
time  must  be  spent  in  preparing  the  children  for  what 
they  are  to  observe  and  how  they  are  to  observe  it. 
This  is  where  you  will  make  use  of  the  notes  taken 
during  your  earlier  visit  to  the  museum.  From  these 
notes,  you  can  prepare  a statement  regarding  the 


general  nature  of  the  exhibits  to  be  visited  and  how 
they  are  related  to  concepts  that  pupils  have  been 
studying,  or  will  be  studying,  in  science.  Specific  sug- 
gestions of  what  to  look  for  should  be  given.  These 
might  be  formulated  as  questions  to  be  answered  as 
students  observe  the  exhibit.  If  you  use  the  question 
technique,  avoid  making  a large  number  of  detailed 
questions.  Long  lists  of  such  questions  often  result  in 
children's  not  seeing  the  forest  for  the  trees.  For  each 
selected  exhibit,  try  to  decide  on  the  two,  three, 
or  four  most  important  ideas  with  which  it  deals. 
Then  formulate  questions  that  will  highlight  the  ideas. 
Regardless  of  whether  you  take  your  pupils  or  their 
parents  take  them,  their  preparation  for  the  trip 
will  be  much  the  same.  It  is  doubtful  that  children 
can  experience  anything  but  confusion  from  an  un- 
selective,  unplanned,  and  unstructured  trip  to  a mu- 
seum. After  the  museum  trip,  there  should  be  a time 
at  school  for  review  and  summary  of  what  was 
learned. 

Planetariums  as  a Community  Resource 

In  planetariums,  a projector  is  used  to  display  the 
movement  of  heavenly  bodies  on  a hemispherical, 
or  bowl-shaped,  ceiling.  The  projector  can  be  set  to 
show  how  the  heavenly  bodies  appear  to  rise  in  the 
east,  move  across  the  sky,  and  set  in  the  west.  It  can 
also  be  used  to  show  how  the  stars  appear  to  an  ob- 
server on  the  earth  at  various  locations  from 
the  equator  to  the  poles.  Methods  of  locating  con- 
stellations and  prominent  stars  within  them  can  also 
be  demonstrated. 

If  there  is  a planetarium  in  or  near  your  com- 
munity, encourage  your  pupils  to  attend  one  of  the 
demonstrations.  Obviously  this  should  be  done  near 
the  time  that  they  are  studying  about  stars  and  planets 
in  their  science  class.  Since  the  director  changes  the 
planetarium  show  from  time  to  time,  you  should 
try  to  keep  informed  about  the  current  shows. 
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Planetariums  usually  arrange  special  showings  for 
school-age  children.  It  might  be  possible  for  you  to 
combine  a planetarium  trip  with  a museum  trip  on 
the  same  day.  As  was  the  case  for  museum  trips, 
children  should  be  prepared  for  their  visits  to  the 
planetarium.  Admission  fees  are  usually  charged. 
However,  special  rates  are  given  for  school  groups. 

Parks  as  a Community  Resource 

Parks  serve  a number  of  functions  in  many  com- 
munities. They  are  places  where  people  may  go  for 
rest  and  recreation  in  natural  surroundings  of  trees, 
shrubs,  grass,  streams,  and  ponds.  They  are  places 
where  people  may  go  to  learn  more  about  the  living 
things  contained  within  the  park.  Parks  generally  con- 
tain a greater  variety  of  trees  and  shrubs  than  may 
be  found  in  any  other  place  in  the  community.  They 
can  thus  be  used  by  teachers  and  pupils  to  observe 
various  types  of  plant  life  and  to  identify  similarities 
and  differences  among  them.  Parks  can  be  used  in 
the  spring,  summer,  fall,  and  winter  to  demonstrate 
how  the  vegetation  changes  with  the  change  in  sea- 
sons. Parks  usually  have  ponds  or  lakes  that  serve 
as  a refuge  for  water  birds  such  as  ducks  and  geese. 
Because  they  are  protected,  the  birds  have  become 
less  afraid  of  people  and  can  be  observed  from  close 
quarters.  Pupils  can  observe  the  forms  and  shapes  of 
their  bodies,  their  eating  habits,  and  the  manner  in 
which  they  walk,  fly,  and  swim. 

Zoos  as  a Community  Resource 

From  the  point  of  view  of  children,  zoos  are 
among  the  most  popular  institutions  in  communities 
where  they  are  maintained.  Children  enjoy  observing 
animals.  Visits  to  the  zoo  can  become  significant  edu 
cational  experiences  in  science  if  they  are  properly 
planned.  In  planning  a trip  to  the  zoo,  teachers  need 
to  know  what  animals  are  kept  there,  from  where 


the  animals  were  obtained,  and  how  they  are  cared 
for.  This  information  can  best  be  obtained  by  teachers 
visiting  the  zoo  and  having  the  educational  director 
give  them  a conducted  tour.  For  a group  of  teachers, 
the  director  may  even  include  a "behind  the  scenes" 
tour  of  the  zoo.  On  such  a tour,  teachers  will  be 
shown  how  food  for  the  animals  is  selected  and  pre- 
pared, how  animals  are  treated  for  injuries  and  sick- 
ness, how  cages  are  cleaned,  and  how  animals 
requiring  special  kinds  of  environments  are  protected. 
With  background  such  as  this,  teachers  can  plan  the 
zoo  trip  with  their  pupils  so  that  it  becomes  an  in- 
tegral part  of  their  study  of  science. 

Institutional  Aquariums  as  a 
Community  Resource 

Institutional  aquariums  are  more  difficult  to 
maintain  than  zoos  and,  therefore,  are  not  as  common. 
But  where  they  are  maintained,  they  should  be  used 
by  teachers  to  reinforce  and  extend  science  concepts 
related  to  the  variety  of  living  things  and  how  living 
things  are  adapted  to  the  environmental  conditions 
in  which  they  are  found.  The  recommended  pro- 
cedures for  using  a zoo  also  apply  to  using  an  institu- 
tional aquarium.  Because  of  the  cost  of  maintaining 
an  aquarium,  there  is  usually  an  admission  fee.  As 
is  true  for  planetariums,  special  rates  are  usually 
given  to  school  groups. 

Libraries  as  a Community  Resource 

Although  firsthand  experiences  in  observing,  dem- 
onstrating, and  experimenting  are  of  paramount  im- 
portance in  learning  science  concepts  and  learning 
the  methods  of  science,  we  should  not  leave  children 
with  the  misconception  that  these  are  the  only  ways 
of  learning  about  science.  Books  and  periodicals  are 
the  most  commonly  used  sources  for  learning  about 
science.  This  is  as  true  for  the  scientist  as  it  is  for 


the  nonscientist.  Scientists  and  science  laboratories 
could  not  be  maintained  without  good  libraries. 

It  is,  therefore,  important  that  the  practice  of  using 
the  library  be  encouraged,  rather  than  discouraged, 
while  pupils  study  science  in  the  elementary  schools. 
As  evidence  of  the  scientist's  point  of  view  regarding 
the  importance  of  using  good  science  books,  the 
American  Association  for  the  Advancement  of  Science 
and  the  National  Science  Foundation  publish  bibli- 
ographies of  science  books  for  children.  These  bibli- 
ographies can  be  obtained  by  writing  to  the  American 
Association  for  the  Advancement  of  Science,  1515 
Massachusetts  Avenue,  N.W.,  Washington,  D.C., 
20005. 

Librarians  report  that  a very  high  proportion  of 
the  questions  that  children  bring  to  them  deal  with 
science.  To  provide  for  this  interest,  most  libraries 
maintain  a good  selection  of  children's  books  on  sci- 
ence. These  books  can  be  used  for  several  purposes. 
They  make  it  possible  for  children  who  want  to  find 
ojut  more  about  certain  science  topics  to  do  so.  They 
supply  information  on  new  developments  in  science. 
Some  deal  with  selected  science  topics  in  greater 
depth  than  is  possible  in  a science  textbook.  Others 
present  interesting  biographies  of  notable  scientists. 

One  of  the  best  ways  of  finding  out  how  you  can 
encourage  your  pupils  to  use  library  books  in  science 
is  to  visit  the  science  section  of  the  children's  reading 
room  in  the  library  in  your  community.  Acquaint 
yourself  with  the  wide  selection  of  titles.  Take  out 
several  books  and  read  them.  Then  tell  your  children 
about  the  books.  If  this  is  done  periodically,  you  can 
be  sure  that  more  and  more  of  the  children  will  begin 
using  the  library. 

USING  AUDIOVISUAL  MATERIALS 
IN  SCIENCE  TEACHING 

A great  variety  of  audiovisual  materials  is  being 
used  in  the  teaching  of  science.  They  range  from 
simple  line  diagrams  drawn  on  the  chalkboard  by 


teachers  to  elaborate  motion  pictures  that  cost  thou- 
sands of  dollars  to  produce.  All  are  designed  to  en- 
hance teaching  and  learning  through  the  use  of  the 
visual  and/or  auditory  senses. 

Audiovisual  materials  can  be  used  to  show  objects, 
conditions,  and  events  that  are  not  immediately  or 
directly  available  to  pupils,  thus  extending  the  range 
of  the  pupils'  classroom  experiences.  These  may  in- 
clude such  subjects  as  the  research  work  of  scientists 
in  Antarctica,  the  earth  as  seen  from  a spacecraft, 
and  conditions  at  the  bottom  of  the  ocean  as  photo- 
graphed by  a submarine  camera. 

Audiovisual  materials  can  restructure  the  time 
and  sequence  of  pupils'  activities  and  experiences, 
thus  making  the  activities  and  experiences  more  effec- 
tive for  educational  purposes.  Such  materials  include 
tape  recordings  of  interviews,  which  become  reliable 
records  of  questions  asked  by  pupils  and  answers 
given  by  an  authority  on  a topic  being  studied  in 
science;  pictures  taken  to  produce  reliable  records 
of  objects  or  processes  observed  during  a field  trip; 
pictures  of  the  same  child  at  different  ages  to  show 
growth  changes;  slow-motion  pictures  of  activities 
such  as  running,  in  which  the  sequence  of  body  move- 
ments takes  place  so  rapidly  that  it  is  difficult  to  ob- 
serve the  details;  or  time-lapse  movies  of  events  such 
as  the  opening  of  a flower  bud,  which  takes  place  so 
slowly  it  is  impossible  to  observe  the  details  of  the 
marvelous  processes  involved. 

Audiovisual  materials  may  be  used  to  demon- 
strate procedures  and  to  illustrate  concepts  in  science. 
They  can  be  used  to  show  how  to  plan  and  conduct 
an  experiment,  to  dissect  an  animal,  to  use  a piece 
of  apparatus,  to  prepare  exhibits,  to  conduct  a science 
fair,  or  to  write  a report.  They  can  be  used  as  an  aid 
in  explaining  such  concepts  as  the  interdependence 
of  living  things,  action-reaction,  electric  currents, 
work,  chemical  change,  adaptations  of  living  things, 
and  practically  any  other  concept  studied  in  science. 
Audiovisual  materials  can  be  used  to  organize  and 
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integrate  concepts  dealing  with  such  topics  as  weather, 
nutrition,  and  spacecraft.  They  can  be  used  as  an 
aid  in  visualizing  such  concepts  as  the  enormous 
solar  system  and  the  minute  atom. 

Types  of  Audiovisual  Materials 

There  are  two  general  types  of  audiovisual  ma- 
terials: those  that  require  special  equipment  in  order 
to  use  them  and  those  for  which  no  special  equipment 
is  needed.  The  following  audiovisual  materials  re- 
quire special  equipment,  such  as  cameras,  projectors, 
recorders,  microscopes,  and  phonograph  machines: 

16  mm.  motion  picture  films 
8 mm.  motion  picture  films 
filmstrips 
2"  X 2"  slides 

prepared  microscope  slides 

large  transparencies  for  overhead  projection 

recordings,  both  tape  and  disk 

Among  those  materials  that  do  not  require  special 
equipment  are  exhibits  and  models.  The  remainder  of 
this  section  will  deal  with  ways  in  which  all  of  these 
materials  can  be  used  in  teaching  science. 

Motion  Pictures 

The  following  list  of  selected  titles,  from  the  cata- 
logue of  one  of  the  large  producers  of  educational 
films,  clearly  indicates  that  science  subjects  are  cov- 
ered extensively  by  motion  pictures  and  that  films  are 
available  for  every  grade  level: 

FOR  KINDERGARTEN  AND  GRADES  1-3 
Animals  and  Their  Foods 
Electricity  for  Beginners 
Energy  Does  Work 
How  Air  Helps  Us 
How  Animals  Help  Us 
How  Simple  Machines  Make  Work  Easier 


Living  and  Non-Living  Things 
Rocks:  Where  They  Come  From 
Sound  for  Beginners 
Winter  Comes  to  the  Forest 
Zoo  Babies 

The  Big  Sun  and  Our  Earth 
What  Do  We  See  in  the  Sky? 

FOR  GRADES  4-6 
Air  All  About  Us 
Chemical  Changes 
Color  and  Light 
Energy  and  Its  Forms 
Fossils:  Clues  to  Prehistoric  Times 
Heat  and  Its  Behavior 
How  Weather  Is  Forecast 
Introducing  Atoms  and  Nuclear  Energy 
Magnetism 

Beyond  Our  Solar  System 
Adaptations  of  Plants  and  Animals  ' 
Fish  and  Their  Characteristics 
How  Flowers  Make  Seeds 

FOR  GRADES  7-9 

Airplanes:  Principles  of  Flight 
Conserving  Our  Forests 
Electricity:  How  It  Is  Generated 
Field  Trip  to  a Fish  Hatchery 
Fire  and  Oxidation 

Electrons  and  Electronics:  An  Introduction 
Force  and  Motion 
Latitude,  Longitude,  and  Time  Zones 
Weather:  Understanding  Storms 
Gravity 

The  Structure  of  the  Earth 
Behavior  in  Animals  and  Plants 
Cell  Biology:  Life  Functions 


As  is  true  in  selecting  any  audiovisual  material, 
films  should  be  selected  for  use  in  science  teaching 
only  when  they  relate  closely  to  the  work  at  hand. 
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Furthermore,  they  should  be  suitable  for  the  grade 
level  at  which  they  are  to  be  used.  Film  catalogues 
carry  descriptions  of  each  listed  film  along  with  a 
statement  regarding  the  grade  level  for  which  it  is 
best  suited.  For  example,  here  is  a description  of  the 
one-reel,  eleven-minute  color  film  Animals  and  Their 
Foods  given  in  the  catalogue:  "The  animals  in  this 
film  are  divided  into  groups  according  to  the  foods 
they  eat:  (1)  plant  eaters;  (2)  meat  eaters;  and  (3) 
those  that  eat  both  plants  and  meat.  The  illustrations 
explain  the  basic  concept  that  different  animals  are 
suited  to  eating  different  kinds  of  food."  Another  ex- 
ample is  the  description  for  the  film  entitled  Electric- 
ity for  Beginners:  "A  flashlight  that  doesn't  work 
leads  Frank  and  Joan  to  a basic  concept:  Electricity 
flows  only  in  a continuous  pathway.  Simple  demon- 
strations in  a hardware  store  show  how  electricity 
can  produce  heat,  light,  and  magnetism,  which  in 
turn  can  produce  motion  in  a small  motor.  The  film 
also  emphasizes  the  importance  of  safety  with 
electricity." 

Larger  school  systems  usually  maintain  an  audio- 
visual center  for  motion  pictures  such  as  those  previ- 
ously discussed.  Where  this  is  not  the  case,  films  have 
to  be  rented  from  an  agency.  Under  such  conditions, 
teachers  often  must  plan  for  the  use  of  specific  films 
as  much  as  a year  in  advance.  But  it  is  not  always 
possible  to  anticipate  the  exact  date  upon  which  a 
specific  topic  will  be  used  in  a science  class.  Therefore, 
the  dates  for  which  films  are  ordered  are  usually 
tentative.  But  the  films  arrive  on  the  dates  ordered 
and  can  be  kept  for  only  a few  days.  It  is  not  always 
possible  to  coordinate  teaching  with  the  prearranged 
film  schedule.  When  this  happens,  teachers  have  to 
adapt  their  use  of  the  film  to  fit  the  situation.  When 
the  film  arrives  ahead  of  the  time  that  the  topic  for 
which  it  was  selected  is  being  studied,  the  teacher 
may  find  it  necessary  to  use  the  film  as  a preview 
for  what  is  to  come  in  science.  When  it  arrives  after 
the  topic  has  been  studied,  the  teacher  may  find  it 


advantageous  to  use  the  film  as  a review  of  the  topic. 

Much  of  the  success  experienced  by  teachers  in 
using  movie  films  is  a direct  result  of  the  preparation 
they  make  for  their  use.  They  select  only  those  films 
that  are  related  to  what  they  are  teaching  in  science. 
They  read  carefully  the  teaching  guide  that  accompa- 
nies the  film  to  become  better  acquainted  with  its 
purpose  and  content.  They  preview  the  film  to  find  out 
for  themselves  what  it  is  all  about.  They  prepare  a suit- 
able introduction  to  be  used  in  presenting  the  film 
to  their  pupils.  After  the  film  is  shown,  it  is  discussed 
with  pupils  to  make  certain  that  its  important  points 
are  reviewed  and  related  to  the  work  at  hand. 

Also  available  to  teachers  are  8 mm.  cartridge- 
type  film  loops,  known  as  single  concept  films.  Such 
cartridge  films  require  no  threading,  no  rewinding, 
and  only  minimal  handling.  Each  cartridge  provides 
about  three  to  five  minutes  of  viewing  time,  pin- 
pointing and  highlighting  a single  concept.  Thus,  di- 
gestion, the  structure  of  the  atom,  sound  waves,  and 
carbohydrates  all  might  be  subjects  for  the  cartridge 
films.  These  films,  although  they  do  require  special, 
moderately  priced  projection  equipment,  are  an  ex- 
tremely valuable  adjunct  to  the  teaching  of  a lesson. 
They  enable  the  teacher  to  point  up  a particular  aspect 
of  the  lesson  with  ease  and  clarity. 

Filmstrips 

There  are  filmstrips  for  practically  every  topic 
studied  in  science.  Filmstrips  have  some  advantages 
over  movie  films.  Since  they  are  less  expensive,  indi- 
vidual schools  can  have  selected  collections  of  them 
readily  available  for  use  in  the  classroom.  It  is  easy  to 
operate  a filmstrip  projector.  Pupils  can  participate 
by  asking  questions  and  giving  explanations  during 
the  time  it  is  being  shown.  It  can  easily  be  reversed 
to  review  frames  whenever  desirable. 

Some  filmstrips  are  accompanied  by  sound  records. 
The  sound  accompaniment  is  usually  commentary  for 
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each  of  the  frames  and  must  be  synchronized  with  the 
pictures  by  the  operator  of  the  projector.  The  accom- 
panying sound  commentary  covers  all  important  points 
with  which  each  frame  deals.  Printed  commentaries  are 
also  supplied  with  filmstrips  so  that  the  teacher  may 
read  as  the  filmstrip  is  being  shown.  The  use  of  a 
printed  commentary  gives  the  teacher  the  advantage 
of  being  able  to  pace  the  showing  of  the  filmstrip  to 
accommodate  the  reactions  and  questions  of  the 
viewers.  It  is  desirable  for  teachers  to  preview  the 
filmstrips  before  classroom  use.  Furthermore,  only 
those  filmstrips  that  relate  closely  to  the  topics  being 
studied  should  be  selected  for  use. 

2"  X 2"  Slides 

These  are  transparencies  whose  dimensions  are 
2 inches  by  2 inches.  Generally  they  are  color  trans- 
parencies. Most  of  the  advantages  of  filmstrips  also 
hold  for  2"  x 2"  slides.  Also,  while  the  pictures  in  a 
filmstrip  are  arranged  in  a definite  sequence,  it  is 
possible  to  arrange  the  2"  x 2"  slides  into  whatever 
sequence  seems  appropriate  at  the  time.  The  2"  x 2" 
slides  have  another  advantage  in  that  teachers  and 
pupils  can  take  their  own  pictures  with  the  proper 
camera  and  use  them  to  make  up  their  own  class- 
room collection  of  slides.  Here  is  a list  of  subjects, 
each  of  which  could  be  made  into  a picture  story 
using  2"  X 2"  slides: 

Seasons  in  Our  Town 
Machines  Make  Work  Easier 
The  Care  of  Animal  Pets 
Evidence  That  Air  Is  a Substance 
Increasing  and  Decreasing  Friction 
Evidences  of  the  Water  Cycle 
Rates  at  Which  Different  Seeds  Grow 
Forces 

Units  of  Measurement 


Using  the  Microscope 

The  compound  microscope  is  the  type  most  com- 
monly used  in  classrooms.  This  microscope  has  an  eye- 
piece lens  and  an  objective  lens,  each  one  magnifying 
the  image  of  the  object  to  be  viewed.  Light  strikes 
the  mirror  near  the  base  of  the  microscope  and  then 
passes  through  an  opening  in  the  stage*  The  light 
continues  through  the  objective  lens,  the  tube,  and 
the  eyepiece  until  it  reaches  the  observer's  eye. 

To  magnify  an  object,  it  is  necessary  that  only 
a very  thin  segment  of  the  object  be  used.  When 
magnifying  onionskin,  for  example,  use  a razor 
blade  to  cut  and  peel  off  the  thinnest  possible  layer. 
Place  the  layer  on  a glass  slide  and  use  a medicine 
dropper  to  add  one  drop  of  water  to  the  layer.  (Note: 
It  is  often  possible  to  obtain  a better  image  by  using 
a drop  of  water-diluted  iodine  rather  than  plain 
water.)  Next,  place  a cover  glass  over  the  glass  slide. 

When  focusing,  place  the  microscope  near  a light 
source  such  as  an  open  window  or  a lamp.  Adjust  the 
stage  so  that,  when  looking  through  the  eyepiece,  you 
see  a bright  circle  of  light.  Next,  with  your  eye 
away  from  the  eyepiece,  slowly  turn  the  focusing 
knob,  lowering  the  objective  lens  until  it  almost 
touches  the  cover  glass.  Look  again  through  the  eye- 
piece and  slowly  turn  the  focusing  knob  to  raise  the 
objective  lens.  When  properly  focused,  the  cells  of 
the  onionskin  should  appear  as  rectangular,  or  brick- 
like, shapes. 

Prepared  Microscope  Slides 

As  early  as  the  fourth  grade,  children  should  be 
introduced  to  the  microscope.  If  possible,  they  should 
be  shown  how  to  prepare  slides  of  living  material  such 
as  yeast  cells,  cheek  cells,  microorganisms  in  pond 
water,  and  the  cells  of  an  elodea  leaf. 

There  are  limits  to  how  far  children  can  go  in 
preparing  their  own  slides  of  living  material.  At  the 
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time  that  cells  are  being  studied  in  science,  it  is  de- 
sirable to  have  available  a collection  of  prepared 
microscope  slides  of  such  subjects  as  paramecia, 
spirogyra,  molds,  bacteria,  yeast,  roots,  stems,  leaves, 
flower  parts,  human  bone,  human  skin,  human 
muscle,  and  human  blood.  These  slides  can  be  ob- 
tained from  any  biological  supply  house.  Although 
they  cost  about  $1.00  a slide,  they  are  permanent 
slides,  and  with  proper  care  they  can  be  used  for  a 
long  time. 

A microprojector  is  an  instrument  that  can  be 
used  to  project  the  objects  on  microscope  slides  onto 
a sheet  of  paper.  The  projected  image  is  enlarged, 
and  it  is  thus  possible  for  a number  of  children  to 
see  it  at  the  same  time.  Even  though  a microprojector 
is  used,  children  should  also  have  an  opportunity  to 
view  the  slides  through  a microscope. 


Large  Transparencies  for 
Overhead  Projectors 

The  overhead  projector  is  operated  from  the 
teacher's  desk  in  the  front  of  the  classroom.  As  the 
teacher  operates  the  projector,  he  faces  the  class  and 
the  picture  is  projected  on  a screen  in  back  of  him. 
Pictures  are  prepared  on  a transparent  material  and 
may  be  either  black  and  white  or  colored.  Their  size 
is  about  5 inches  by  7 inches.  As  each  picture  is  to 
be  shown,  it  is  placed  upon  the  stage  of  the  projector, 
where  it  is  visible  to  the  teacher  during  the  time  it  is 
projected  on  the  screen.  This  makes  it  possible  for 
the  teacher  to  face  the  class  as  he  talks  and  to  point 
out  any  part  of  the  picture  to  which  he  wishes  to 
call  particular  attention.  Transparencies  may  be  ob- 
tained from  scientific  supply  houses  on  a number  of 
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topics  related  to  science.  A catalogue  of  one  supply 
house  has  listed  the  following  series  of  transparencies 
for  use  in  elementary  science:  Human  Body  Series, 
Animal  Series,  Astronomy  Series,  Atom  Series,  Ge- 
ology Series,  Meteorology  Series,  Electricity  Series. 
The  Astronomy  Series  consists  of  the  Solar  System, 
the  Sun,  Seasons;  the  Year,  Month,  and  Day;  Time 
Zones;  Solar  and  Lunar  Eclipses;  Telescopes;  and 
Satellites.  This  is  an  overlay  series,  which  means  that 
there  is  a set  of  four  transparencies  for  each  topic 
such  as  the  Solar  System.  As  each  transparency  in 
the  series  of  four  is  laid  upon  the  preceding  one,  it 
adds  information  to  the  ideas  that  are  to  be  developed 
by  the  set. 

"Do-it-yourself"  kits  are  available  for  those  who 
would  like  to  make  their  own  transparencies.  The  kits 
can  be  used  to  make  diagrams,  charts,  and  graphs. 
They  can  be  produced  in  black  and  white  or  color. 
The  audiovisual  departments  in  some  schools  have 
persons  skilled  in  making  transparencies  produce 
transparencies  for  teachers  or  teach  them  how  to 
make  their  own. 

Recordings 

Both  tape  and  disk  recordings  can  be  obtained 
on  various  subjects  related  to  science.  Some  of  the 
titles  are  listed  below: 

DISKS 

American  Bird  Songs  (an  album  of  6 records) 
Adventures  in  Sound  and  Space 
Science  of  Sound 

TAPES 

Electricity  Coes  to  Work 

Galileo  Tests  a Theory 

Van  Leeuwenhoek  and  the  Little  Animals 

How  Men  Behave 

Scientists  at  Work 

Digging  Up  the  Past 


The  Ocean  and  Weather 
The  Rocket  Man 
Satellite  Story 

The  National  Tape  Recording  Catalogue,  pub- 
lished by  the  Department  of  Audiovisual  Instruction 
of  the  National  Education  Society,  lists  more  than  one 
hundred  titles  dealing  with  topics  in  science.  Many  of 
them,  such  as  the  ones  previously  listed  here,  are  ap- 
propriate for  use  in  both  elementary  and  junior  high 
school  science  classes. 

Exhibits 

One  of  the  most  common  uses  of  exhibits  in  sci- 
ence teaching  is  the  science  fair.  Where  science  fairs 
are  noncompetitive  and  voluntary,  they  may  have 
very  positive  educational  value.  They  encourage  chil- 
dren to  conduct  projects  of  various  kinds  in  coordi- 
nation with  their  work  in  the  science  classroom. 
Children  are  also  encouraged  to  organize  the  pertinent 
ideas  into  forms  that  are  clearly  visible.  Imagination, 
creativity,  and  resourcefulness  are  applied  in  prepar- 
ing science  exhibits.  In  displaying  their  exhibits,  chil- 
dren gain  recognition  for  their  efforts.  Furthermore, 
children  learn  science  from  the  exhibits  prepared  by 
other  children.  At  their  level,  a science  fair  may 
serve  much  the  same  purpose  that  scientific  meetings 
serve  for  the  scientist. 

In  another  section  of  this  Teacher's  Guide,  the 
use  of  museum  exhibits  in  teaching  science  has  been 
discussed.  Some  museums  prepare  small  exhibits  of 
different  kinds  that  are  loaned  to  schools.  These  are 
prepared  in  glass-covered  boxes  for  display.  Generally, 
a guide  book  is  sent  with  the  exhibits  to  help  the 
teacher  get  the  most  out  of  them. 

Science  museums  have  become  quite  popular  in 
some  of  the  larger  cities.  In  these  museums  the  exhibits 
have  been  prepared  to  teach  people  about  scientific 
discoveries  and  technological  inventions.  Before  a 
teacher  makes  a decision  to  take  his  class  to  a science 


museum,  he  should  visit  the  museum  to  determine 
which  of  the  exhibits,  if  any,  are  related  to  topics 
being  studied  in  his  science  class.  If  there  are  none, 
he  probably  should  not  make  the  effort  to  take  his 
pupils. 

Industrial  firms  include  exhibits  of  various  kinds 
among  their  educational  materials.  Generally,  the  ex- 
hibits are  very  attractive  but  deal  rather  exclusively 
with  products  and/or  services  in  which  the  industry 
is  primarily  interested.  Teachers  should  avoid  clutter- 
ing up  their  classrooms  with  any  such  exhibits  that 
are  not  closely  related  to  topics  being  studied.  Exhibits 
that  are  given  to  the -school,  or  those  that  are  pupil- 
made,  often  introduce  storage  problems  that  teachers 
find  difficult  to  solve. 

Posters  of  various  kinds  might  be  classified  as 
exhibits.  They  can  be  used  for  many  different 
purposes  in  science.  Posters  can  be  made  to  represent 
graphically  such  concepts  as  the  water  cycle,  the 
oxygen  cycle,  interdependence  of  living  things,  the  law 
of  the  lever,  the  conservation  of  energy,  classification 
systems,  the  composition  of  the  earth,  electric  circuits, 
and  many  other  scientific  concepts. 

Models 

There  are  many  ways  in  which  models  can  and 
should  be  used  in  teaching  science.  Often  the  use  of 
a model  is  the  only  way  in  which  the  pupil  can  "get" 
the  idea  that  the  model  represents.  The  globe  of  the 
earth,  commonly  found  in  classrooms,  is  a good  ex- 
ample of  such  a model.  It  would  be  extremely  difficult 
to  think  of  the  earth  as  a sphere  without  such  a model. 
Models  of  the  solar  system  serve  a similar  purpose. 
Models  of  the  human  skeleton,  the  brain,  the  heart, 
the  eye,  the  ear,  and  other  parts  of  the  body  can  be 
used  to  help  children  obtain  a better  understanding 
of  what  the  inside  of  the  body  is  like.  Models  of 
atoms  and  molecules  can  be  used  to  gain  a better 
understanding  of  the  building  blocks  of  nature. 


All  the  models  mentioned  above  can  be  obtained 
from  scientific  supply  houses.  On  the  other  hand, 
children  can  make  many  of  them.  If  they  do,  they 
will  probably  come  to  understand  the  pertinent  con- 
cepts better  than  when  they  use  a commercially 
made  model.  In  making  a model  of  the  solar  system, 
children  learn  much  more  about  comparative  sizes 
and  distances  than  when  merely  observing  a manu- 
factured one.  Similarly,  when  they  construct  a model 
crystal,  using  toothpicks  and  wax  balls,  they  come 
to  understand  the  relative  positions  of  atoms  in  crystals 
better  than  when  they  observe  a prepared  model.  By 
using  clay,  pupils  can  make  models  of  different  kinds 
of  cells,  craters  on  the  moon,  fossils,  the  ocean  floor, 
volcanoes,  the  brain,  and  molecules.  Styrofoam  balls  of 
assorted  sizes  have  been  used  in  making  models  of 
planets  and  molecules.  Cellophane  bags  can  be  used 
in  making  three-dimensional  models  of  a typical  cell. 
When  given  the  opportunity,  children  delight  in  think- 
ing up  ways  of  making  models  of  the  different  things 
they  study  in  science.  In  the  "thinking  up"  process, 
they  are  adding  new  dimensions  to  their  understand- 
ing of  the  concepts. 

CREATING  INSTRUCTIONAL  MATERIALS 

In  preparing  a science  program  such  as  The  Mac- 
millan Science  Series,  it  is  impossible  to  anticipate 
every  kind  of  learning  situation  that  will  confront  the 
teacher  in  his  day-to-day  work.  Schools  vary  from 
one  community  to  the  next.  Classes  within  the  school 
vary,  as  do  the  children  within  a particular  class.  For 
these  reasons,  teachers  will  find  it  advantageous  from 
time  to  time  to  develop  supplementary  instructional 
materials  adapted  to  the  unique  situations  that  they 
encounter  in  their  teaching. 

Because  of  the  many  ways  in  which  learners  may 
come  to  understand  scientific  concepts,  the  teaching 
of  science  provides  unusual  opportunities  for  teachers 
to  create  dynamic  instructional  materials.  The  re- 
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mainder  of  this  section  will  include  suggestions  on 
how  a teacher  might  begin. 

Throughout  The  Macmillan  Science  Series,  dem- 
onstrations are  written  into  the  text  to  introduce  prob- 
lems or  to  reinforce  concepts.  Additional  material 
is  suggested  in  the  TAE.  There  are  other  ways,  too, 
beyond  those  suggested  in  the  TAE  whereby  con- 
cepts and  their  application  can  be  demonstrated.  Here 
are  some  questions  to  think  about: 

1.  What  are  some  ways,  other  than  those  given 
in  the  text,  that  can  be  used  to  demonstrate  that 
air  occupies  space? 

2.  How  many  ways  can  you  show  that  vibrating 
objects  produce  sound? 

3.  How  many  examples  can  you  find  of  the  fact  that 
living  things  are  interdependent? 

4.  In  what  situations  have  you  witnessed  the  con- 
cept that  once  a body  is  set  into  motion  it 
continues  in  a straight-line  motion  of  unchanging 
velocity  until  acted  upon  by  an  unbalanced  out- 
side force? 

5.  In  what  other  ways  can  you  demonstrate  dif- 
fusion as  an  example  of  the  movement  of  mole- 
cules of  one  substance  throughout  another? 

Questions  such  as  these  can  be  asked  about  every 
science  concept  that  is  demonstrated  in  your  science 
text.  They  can  serve  as  guides  to  “thinking  up"  or 
creating  additional  demonstrations.  The  more  demon- 
strations or  examples  of  a concept  that  can  be  shown 
to  pupils,  the  better  will  be  their  understanding  of  it. 

Creativity  can  really  bloom  when  applied  to  the 
designing  of  experiments.  Detailed  descriptions  are 
given  for  many  experiments  in  the  series.  This  is  done 
to  help  pupils  learn  how  the  various  factors  in  an 
experiment  are  handled.  It  may  be  that,  for  some 
pupils,  more  experiments  of  this  type  should  be  given, 
and  it  is  here  that  the  teacher  could  profitably  spend 


some  time  in  developing  additional  ones.  In  some 
instances  it  might  be  advantageous  to  modify  one  of 
the  experiments  in  the  text  to  include  different  materi- 
als and  different  experimental  situations.  For  example, 
in  an  experiment  where  bread  is  used  to  determine 
the  best  conditions  for  mold  growth,  a variety  of  or- 
ganic materials  might  be  used  in  addition  to  bread. 
After  observing  the  results  of  one  such  experiment, 
pupils  frequently  give  the  clue  to  new  experiments 
by  asking  the  question,  “I  wonder  what  would  happen 
if  this  or  that  were  done?" 

The  golden  opportunity  for  developing  new  ex- 
periments often  comes  from  something  that  happens 
during  a science  lesson.  It  may  come  from  a searching 
question  asked  by  one  of  the  pupils.  It  may  come 
from  an  unaccountable  observation  made  by  someone 
in  the  class.  It  may  come  when  an  experiment  does 
not  turn  out  as  the  class  expected  because  the  hy- 
pothesis being  tested  is  not  a tenable  one.  The  follow- 
ing are  examples  of  how  this  has  happened  in  different 
classes. 

In  one  class  the  teacher  was  performing  a dem- 
onstration to  show  that  soil  contains  air.  As  the 
teacher  poured  water  into  a large  container  of  soil, 
bubbles  formed  at  the  surface  of  the  soil.  The  teacher 
then  asked  the  question,  "What  do  the  bubbles  indi- 
cate?" As  expected,  one  of  the  pupils  replied.  "It 
shows  that  there  is  air  in  the  soil."  The  teacher 
followed  with  the  question,  "What  did  you  observe 
that  supported  such  a statement?"  The  pupil  re- 
sponded, "You  could  see  bubbles  which  proved  that 
air  was  coming  out  of  the  soil."  The  teacher  then 
asked  the  class  if  they  agreed.  All  but  one  boy  did. 
He  asked,  "How  do  you  know  that  the  bubbles  were 
formed  by  air  rather  than  some  other  gas?"  No  one 
could  answer  the  question,  and  the  class  now  had  a 
problem.  How  could  you  prove  that  the  gas  coming 
from  the  soil  when  you  poured  water  into  it  was  air? 
The  teacher,  working  with  a small  group  of  pupils, 
devised  a method  for  capturing  the  gas  that  was  given 
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off  when  water  was  poured  into  the  soil.  They  also 
devised  ways  of  testing  the  gas  to  determine  if,  in 
fact,  it  was  air. 

In  a third  grade  class  the  pupils  had  conducted 
an  experiment  to  determine  how  temperature  affects 
the  growth  of  mold  on  bread.  They  had  kept  the 
moistened  pieces  of  bread  in  small  aluminum  pans. 
As  they  had  expected,  considerable  mold  had  de- 
veloped on  the  bread  that  had  been  kept  in  a warm 
place.  Little  or  no  mold  had  developed  on  the  pieces 
of  bread  that  had  been  kept  in  the  refrigerator.  Dur- 
ing the  time  each  pupil  was  examining  the  bread 
mold  in  the  pans,  one  of  the  pupils  held  the  pan  over 
his  head.  As  he  looked  up  at  the  bottom  of  the  pan, 
he  saw  several  tiny  holes  in  it.  He  asked  the  teacher 
what  caused  them.  The  teacher  commended  him  for 
discovering  the  holes  and  then  asked  the  class  how 
they  could  find  out  what  caused  the  holes  in  the 
pan.  This  led  to  a series  of  very  interesting  activities, 
including  experimentation  and  the  use  of  several 
knowledgeable  resource  persons.  Although  the 
teacher  and  the  children  were  not  able  to  solve  the 
problem  through  their  own  experiments,  they  learned 
a great  deal  about  the  limitations  of  their  own  knowl- 
edge and  abilities  and  how  to  use  resource  people  in 
solving  complex  problems.  Investigation  of  the  prob- 
lem showed  that  carbon  dioxide  from  the  mold  com- 
bined with  salt  from  the  bread  to  form  sodium  car- 
bonate, which  caused  the  holes  to  form  in  the 
aluminum. 

In  a fifth  grade  class  the  pupils  had  had  a number 
of  experiences  in  heating  objects  such  as  iron  wire. 
They  had  found  that  heating  the  objects  caused  them 
to  expand.  The  teacher  had  encouraged  the  pupils  to 
give  other  examples  from  their  own  experience.  Some 
mentioned  that  they  had  seen  pictures  of  steel  rails 
that  had  expanded  on  hot  summer  days  and  forced 
the  railroad  tracks  out  of  shape.  Others  told  of  seeing 
the  same  thing  happen  on  concrete  highways.  One  girl 
in  the  class  said  she  now  knew  why  the  drawers  in 


her  dresser  became  stuck  in  the  summer.  She  ex- 
plained that  the  heat  expanded  the  wood  so  that  the 
drawers  became  too  tight  to  move  in  and  out  easily. 
Her  explanation  seemed  reasonable  to  all  members 
of  the  class.  The  teacher  asked  the  class,  however,  if 
they  were  sure  that  wood  expanded  when  heated. 
This  was  a good  question,  since  they  had  done  no 
experiments  with  wood.  The  class  accepted  the  chal- 
lenge to  plan  an  experiment  to  test  the  hypothesis 
that  "wood  expands  when  heated." 

In  planning  a method  for  testing  the  hypothesis, 
the  children  made  many  suggestions.  With  the  help 
of  the  teacher,  each  suggestion  was  examined.  Finally 
this  plan  was  accepted:  Three  holes  were  bored  into 
a piece  of  pine  board.  Then  a length  of  wooden  dowel 
was  cut  into  three  equal  pieces.  It  was  found  con- 
venient to  use  a one-inch  pine  board,  to  make  the 
holes  Vs  inch  in  diameter,  to  get  Vs-inch  dowels,  and 
to  make  each  piece  four  inches  long.  Each  piece  of 
dowel  was  numbered,  and  its  hole  was  given  the 
same  number. 

The  first  dowel  was  then  put  into  an  oven  and 
heated  at  200°  F.  for  an  hour.  The  second  dowel  was 
put  into  the  freezing  compartment  of  a refrigerator 
for  an  hour.  The  third  dowel,  the  control,  was  left 
in  the  room. 

At  the  end  of  the  hour,  each  dowel  was  again 
fitted  into  its  hole  in  the  board.  The  heated  dowel 
did  not  expand  or  stick  as  was  expected,  but  fit  more 
loosely  than  it  had  before  it  was  heated.  The  cold 
dowel  fit  more  tightly  than  before.  The  dowel  that 
had  been  left  in  the  room  fit  in  the  same  way  as  it 
had  before.  The  children  were  amazed.  Some  of  them 
said,  "Our  experiment  didn't  work!"  The  teacher  re- 
assured them  that  the  experiment  had  worked;  it  just 
didn't  turn  out  as  they  had  expected.  Now  the  chil- 
dren really  had  a problem;  If  heat  doesn't  cause  dress- 
er drawers  to  stick  in  the  summer,  what  does? 

The  teacher  followed  up  by  encouraging  them  to 
think  of  other  possible  reasons.  After  a while  someone 
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suggested  that  it  might  be  that  high  relative  humidity 
on  certain  days  in  the  summer  caused  the  drawers  to 
stick.  How  could  this  hypothesis  be  tested?  Finally 
someone  hit  upon  the  idea  of  suspending  one  of  the 
dowels  in  a covered  jar  that  had  water  in  the  bottom 
of  it.  It  was  explained  that  the  air  above  the  water 
would  soon  become  filled  with  water  vapor,  and  the 
relative  humidity  would  be  very  high.  This  seemed 
reasonable  to  the  class,  and  so  they  hung  one  of  the 
dowels  above  the  water  in  the  covered  jar.  They  left 
it  hanging  this  way  until  the  next  day.  When  they 
removed  the  dowel,  they  found  that  it  had  swollen 
so  that  they  couldn't  even  force  it  into  its  hole. 

As  you  can  see,  this  experiment  took  several  days 
to  complete.  Was  it  worth  the  time?  This  question  can 
only  be  answered  "Yes"  if  you  believe  that  the  cre- 
ative thinking  involved  in  planning  an  experiment 
such  as  this  is  important  in  the  education  of  children. 

Picture  Stories  and  Other  Supplementary  Materials 

The  picture  stories  beginning  with  Book  3 have 
been  used  to  reinforce  concepts  developed  in  the  texts 
by  showing  how  these  concepts  apply  in  human  activi- 
ties. There  are  many  possibilities  for  applying  the  pic- 
ture story  technique  to  other  concepts  in  local  situa- 
tions. For  example,  in  Grade  1,  where  the  concept 
of  seasonal  changes  is  introduced,  a teacher  might 
prepare  a collection  of  snapshots  of  the  class  taken 
during  the  different  seasons  of  the  year.  These  could 
then  be  arranged  in  a picture  story  album  or  bulletin 
board  display.  Such  a picture  story  would  incorporate 
the  local  climatic  conditions  in  ways  that  are  not 
possible  in  a single  standardized  version  of  the  con- 
cept of  seasonal  changes. 

The  possibilities  for  picture  stories  are  practically 
unlimited.  Whenever  they  are  prepared,  they  should 
deal  clearly  with  an  application  of  one  or  more  sci- 
ence concepts. 


Teachers  might  also  find  it  worthwhile  to  prepare 
supplementary  materials  for  introducing  certain  units 
in  the  text.  Bulletin  board  or  large  poster  displays 
can  be  prepared,  following  the  format  used  in  the 
text.  If  this-  is  done,  the  displays  can  be  used  to  fa- 
cilitate pupil  discussion;  they  should  be  designed  to 
help  pupils  understand  better  what  the  unit  is  about 
and  to  make  more  clear  the  purposes  for  studying  it. 

There  may  be  local  situations  that  relate  in  unique 
ways  to  certain  of  the  units.  Where  this  is  so,  supple- 
mentary materials  can  be  prepared  to  show  the  rela- 
tionship. For  example,  in  communities  near  the  ocean, 
the  unit  on  oceanography  (Book  5)  would  be  intro- 
duced quite  differently  than  it  would  be  in  communi- 
ties far  removed  from  the  ocean.  Because  of  the  cli- 
matic differences  among  communities,  units  having 
to  do  with  weather  might  be  introduced  in  different 
ways.  The  unit  on  conservation  (Book  6)  would  be 
introduced  differently  in  urban  communities  than  in 
rural  communities.  Thus,  before  undertaking  any  unit 
in  science,  the  teacher  should  investigate  possible  ways 
of  introducing  it  so  that  it  relates  most  closely  to  the 
unique  experiences  of  the  pupils.  When  this  is  done, 
it  will  often  lead  to  the  development  of  unit  introduc- 
tory materials  to  supplement  those  in  the  text. 

Reviews 

One  of  the  many  strengths  of  Science  for  Tomor- 
row's World  is  the  way  in  which  units  are  reviewed. 
Review  sections  occur  frequently  and  in  a variety  of 
interesting  forms  throughout  each  book.  There  are 
several  phases  involved  in  a review  of  concepts.  One 
phase  has  to  do  with  recall  of  the  facts  related  to  the 
concepts  developed.  A second  has  to  do  with  relating 
the  facts  to  the  pertinent  concepts.  A third  has  to  do 
with  applying  the  concept  or  using  it  to  explain  some- 
thing. A fourth  has  to  do  with  using  the  concept  to 
predict  what  will  happen  under  certain  conditions  to 
which  the  concept  applies.  In  other  words,  good  re- 
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views  provide  for  practice  in  identification,  interpre- 
tation, application,  and  prediction.  Since  there  are  nu- 
merous commonly  used  ways  of  providing  practice 
with  each  of  these,  the  creating  of  new  ways  is  an 
exciting  challenge  to  any  teacher. 

Good  reviews  include  the  skills  and  attitudes  in- 
volved in  scientific  inquiry.  There  are  several  ways  of 
reviewing  the  skills  involved  in  the  planning  of  an 
experiment.  One  way  is  to  present  a problem  which 
can  be  answered  by  experimentation  and  to  then  ask 
the  pupils  to  plan  the  experiment.  They  might  do  this 
individually  and  then  write  up  their  plans.  They  might 
work  in  groups  of  four  or  five,  and  each  group  could 
then  present  its  plan  to  the  entire  class.  Or  the  entire 
class,  with  one  of  the  pupils  as  the  leader,  might  work 
up  the  plan.  In  the  latter  two  instances,  all  pupils  have 
the  opportunity  to  take  part  in  the  evaluation  of  the 
planning.  Reviews  of  this  sort  will  be  more  effective 
if  the  teacher  gives  the  students  a novel  problem — 
one  that  is  not  like  any  they  have  worked  on  before. 
Another  way  to  provide  for  review  of  skills  involved 
in  experimentation  is  to  keep  a close  record  of  an 
experiment,  noting  all  pertinent  details,  including  the 
results  and  the  conclusions.  Some  of  the  common  er- 
rors in  experimentation  should  then  be  introduced  into 
the  record.  Give  the  pupils  the  experiment  as  it  is 
written,  and  ask  each  of  them  to  evaluate  it. 

There  are  many  ways  in  which  skill  in  observation 
can  be  practiced  through  reviews.  Demonstrations 
might  be  performed  and  pupils  asked  to  record  their 
observations.  Where  this  is  done,  the  demonstration 
must  call  for  rather  careful  observation.  One  such  ac- 
tivity might  be  the  cartesian  diver.  One  cartesian  diver 
demonstration  calls  for  a flat  bottle  filled  with  water 
and  covered  with  rubber  sheeting  (see  diagram).  Sus- 
pended in  the  water  is  an  inverted  vial  that  is  nearly 
filled  with  water.  As  the  rubber  sheeting  is  pressed, 
the  vial  goes  down.  As  the  pressure  is  released,  the 
vial  rises.  The  class  is  asked  to  tell  why  the  vial  went 
down  and  then  up.  The  system  under  observation  con- 


sists of  bottle,  water,  vial,  and  hands.  Those  who  have 
never  seen  the  demonstration  before  must  observe 
quite  carefully  to  be  able  to  tell  that  the  vial  goes  down 
when  the  hands  are  pressing  the  rubber  sheeting  and 
that  it  comes  up  when  the  pressure  is  removed.  There 
are  many  other  demonstrations  like  this  one  that 
teachers  could  develop  and  use  to  give  practice  in 
observing. 

Here  is  another  example,  which  has  to  do  with 
two  scientific  attitudes — objectivity  in  evaluating  evi- 
dence, and  reluctance  to  make  a judgment  until  con- 
clusive evidence  has  been  accumulated.  An  investiga- 
tion can  be  described  in  which  data  of  both  sound 
and  dubious  quality  are  reported.  Based  upon  the  evi- 
dence, certain  conclusions  are  drawn.  Some  of  the 
conclusions  are  consistent  with  the  data,  and  some  go 
beyond  the  data.  After  pupils  have  read  the  investiga- 
tion, they  are  asked  to  evaluate  the  conclusions.  What 
they  react  to  in  their  evaluations  should  indicate 
whether  they  are  weighing  evidence  and  suspending 
judgment. 

In  this  section  we  have  seen  that  there  are  good 
reasons  for  teachers  to  create  instructional  materials. 
Through  the  process,  teachers  are  providing  for  one 
of  their  basic  needs,  the  need  to  be  creative.  Conse- 
quently, they  gain  greater  satisfaction  from  their 
teaching.  But  more  important  are  the  values  that  come 
to  the  pupils  who  use  the  materials  that  the  teachers 
prepare.  The  learning  idiosyncrasies  of  pupils  will  be 
more  nearly  met,  and  their  relative  achievement  in 
learning  the  concepts  and  using  the  methods  of  scien- 
tific inquiry  will  be  improved. 
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PART  IV:  OVERVIEWS,  TESTS,  AND  DIRECTORIES 


OVERVIEWS  OF  UNITS  IN  BOOK  3 

This  section  provides  a brief  overview  of  each  unit  in 
the  book.  At  the  end  of  the  section  you  will  find 
a listing  of  the  table  of  contents  of  each  book.  This 
overall  table  of  contents  will  give  you  an  opportunity 
to  visualize  the  total  program  of  Science  for  Tomor- 
row's World  and  to  see  the  interrelationships  of  sub- 
ject matter  in  the  conceptual  organization  of  the  series. 

Unit  One:  The  Scientist's  Way — Being  Curious 

Specialists  in  child  development  tell  us  that  the 
natural  curiosity  of  young  children  tends  to  disappear 
as  they  move  upward  in  the  elementary  school.  Un- 
fortunately, many  children  acquire  the  erroneous  be- 
lief that  it  is  wrong  to  ask  questions.  Our  goal  is  to 
keep  alive  and  encourage  the  child's  desire  to  find 
things  out.  Furthermore,  we  want  children  to  experi- 


ence the  satisfaction  that  comes  from  finding  the 
answers  to  their  questions  for  themselves. 

This  unit  has  therefore  been  designed  to  encourage 
and  develop  the  inquiring  mind.  It  sets  the  stage  for 
the  other  units  in  Book  3,  by  showing  how  curiosity 
initiates  questions  and  how  questions  advance  our 
understanding  of  many  phenomena.  An  understanding 
of  the  methods  used  in  searching  for  answers  to  ques- 
tions is  developed.  The  developmental  process  occurs 
by  having  pupils  involved  in  scientific  processes.  The 
significance  of  the  processes  of  inquiry  in  self-directed 
learning  and  in  the  advancement  of  knowledge  by 
scientists  is  emphasized.  A case  study  of  one  scientist, 
Michael  Faraday,  is  presented  to  show  how  an  im- 
portant discovery  in  science  was  made. 

Unit  Two:  The  Sky  Above 

The  questing  theme  of  Unit  1 is  developed  further 
in  Unit  2 by  showing  how  inevitable  questions,  over 
the  ages,  have  led  to  our  present  understanding  of 
faraway  objects  in  the  sky.  The  unit  shows  how  the 
types  of  questions  that  humans  have  asked  about  the 
universe  have  determined  the  extensiveness  of  their 
knowledge  of  it.  "What"  questions  led  to  describing 
what  could  actually  be  seen,  naming  the  celestial  ob- 
jects, and  classifying  them.  "How"  and  "Why"  ques- 
tions have  resulted  in  efforts  to  explain  why  the  ob- 
jects behave  as  they  do.  Because  the  moon  and  sun 
are  the  most  easily  observed  of  all  celestial  objects, 
they  are  used  to  explain  the  rotation  and  revolution  of 
the  earth,  the  relative  sizes  of  the  moon  and  the  sun, 
and  how  distance  affects  their  apparent  relative  size. 
The  way  telescopes  have  extended  man's  vision  and 
thus  his  understanding  of  celestial  objects  is  explained. 
A biographical  sketch  of  Nicolaus  Copernicus  is  used 
as  an  example  of  a great  thinker  who  developed  a 
theory  to  explain  the  structure  of  the  solar  system. 
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Unit  Three:  Our  Planet  Earth 

Unit  3,  Our  Planet  Earth,  follows  logically  from  Unit 
2,  The  Sky  Above,  in  which  the  general  relationship 
of  the  earth  to  other  celestial  bodies  in  the  universe 
is  explored.  The  central  purpose  of  this  unit  is  to  in- 
troduce children  to  the  general  concept  of  change 
and  to  show  them  how  it  applies  to  the  earth  and  to 
all  the  living  things  on  it.  One  of  the  key  concepts 
in  science  states  that  lawful  change  is  characteristic 
of  events  in  the  natural  environment.  Although  living 
thing's  tend  to  produce  other  living  things  like  them- 
selves, in  the  course  of  millions  of  years  the  earth  and 
living  things  on  the  earth  have  changed,  and  diversified 
forms  of  life  have  developed.  In  this  unit,  several  con- 
cepts related  to  this  key  generalization  are  developed. 

The  unit  also  introduces  children  to  the  methods 
used  by  scientists  in  reconstructing  the  past;  for  ex- 
ample, using  evidence  at  hand,  such  as  fossil  remains, 
to  infer  what  the  past  was  like.  The  unit  also  contrib- 
utes to  the  development  of  an  attitude  that  anticipates 
change  in  the  future. 

Unit  Four:  How  Animals  Live 

This  unit,  dealing  with  adaptation,  is  clearly  re- 
lated to  the  previous  unit.  As  living  things  have  de- 
veloped through  the  ages,  the  great  variety  of  living 
things  on  the  earth  have  come  to  be  as  we  now  find 
them.  Each  of  the  present  types  of  life  has  survived 
because  it  was  adapted  to  the  enviornment  in  which 
it  is  now  found.  It  is  believed  that  the  dinosaurs  died 
out,  after  a successful  existence  of  millions  of  vears, 
because  they  were  no  longer  able  to  adapt  to  their 
environment.  The  concept  of  survival  of  the  fittest 
means  merely  that  those  living  things  that  are  best 
able  to  adapt  to  their  environment  will  survive  in 
greater  numbers.  Those  that  are  less  fit  (less  able  to 
adapt)  will  die  off. 

This  unit  is  designed  to  help  children  understand 
how  living  things  are  dependent  on  their  environment 


and  how  different  types  of  living  things  have  become 
adapted  to  different  kinds  of  environments.  Living 
things  of  one  type  or  another  have  become  adapted 
to  every  kind  of  environment  on  the  earth,  with  the 
possible  exception  of  the  inside  of  an  active  volcano. 

Unit  Five:  Your  Body's  Needs 

There  is  no  more  remarkable  phenomenon  in  the 
world  than  the  human  body.  Its  orderly  development 
from  a single  fertilized  egg  cell,  smaller  than  the 
period  at  the  end  of  this  sentence,  into  a complex, 
many-celled  organism  is  an  almost  unbelievable 
process.  The  coordinated  manner  in  which  it  carries 
on  its  various  functions  has  inspired  men  for  thousands 
of  years. 

In  their  study  of  science,  children  should  come 
to  understand  the  human  body  as  an  organized  ag- 
gregation of  cells  integrated  into  a complex  unity. 
They  should  develop  not  only  an  understanding  of  its 
gross  functions,  but  also  an  appreciation  of  the  intri- 
cate mechanisms  involved  in  maintaining  these  func- 
tions. They  should  learn  how  puzzles  about  the  human 
body  have  been  the  targets  of  persistent  inquiry  by 
scientific  investigators  such  as  William  Harvey. 

Unit  Six:  Food  for  Life 

Although  three-fourths  of  the  earth's  surface  is 
covered  by  oceans,  their  water  is  not  directly  available 
for  human  consumption.  It  becomes  available  only 
through  the  water  cycle,  whereby  water  evaporates 
from  the  oceans  and  later  falls  on  the  land  as  fresh 
water,  in  the  form  of  rain  or  snow.  As  was  stated  in 
Unit  4,  however,  there  are  parts  of  the  earth  where 
annual  rainfall  is  limited,  and  available  water  is  in 
short  supply.  There  are  also  times  when  anticipated 
rains  do  not  fall  in  places  that  usually  have  sufficient 
rain.  Droughts  result,  and  people  are  faced  with  seri- 
ous water  problems.  Some  ways  to  overcome  these 
problems  are  discussed. 
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Humans  must  have  food  to  obtain  the  essential 
nutrients  for  good  health.  They  must  not  only  select 
a balanced  diet  from  available  foods,  but  also  produce 
sufficient  food  to  meet  the  needs  of  all  people.  Thus, 
food  is  not  only  a personal  problem  but  a social  one 
as  well. 

As  populations  grow,  the  problems  of  feeding 
people  become  more  critical.  The  maintenance  of  a 
proper  food  supply  is  a problem  the  world  over. 


This  unit  has  been  prepared  to  help  children  under- 
stand the  scientific  reasons  for  selecting  an  adequate 
personal  diet.  This  is  a persistent  problem  for  most 
people,  and  it  is  only  by  a persistent  attack  on  it  that 
progress  will  be  made.  The  unit  should  further  add  to 
children's  understanding  of  what  is  being  done  to 
provide  all  people  of  the  world  with  sufficient  food. 
Children  should  appreciate  better  the  role  of  scientists 
in  advancing  our  understanding  of  nutrition. 
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TESTS  FOR  SCIENCE  FOR  TOMORROW'S  WORLD 
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Unit  1:  The  Scientist's  Way— Being  Curious 

Choose  the  best  answer  to  complete  each  statement. 

Write  the  letter  of  the  answer  in  the  space  at  the  right. 


1.  Scientists  are  known  to 

a.  have  all  the  answers 

b.  be  curious 

c.  get  answers  only  through  their  senses 

2.  When  you  wish  to  find  the  answer  to  a question  you  should 

a.  wait  until  you  are  older 

b.  go  to  a good  source 

c.  guess  the  correct  answer 

3.  The  best  source  to  help  you  to  find  answers  is 

a.  a comic  book 

b.  the  school  library 

c.  another  child 

4.  If  a scientist  can  not  find  the  answer  to  a question  he  is  likely  to 

a.  forget  about  the  question 

b.  think  of  an  easier  question 

c.  do  an  experiment 

5.  When  a scientist  finds  the  answer  to  an  important  question  by  doing  an 
experiment,  he  will 

a.  write  a report  that  tells  other  scientists  about  his  findings 

b.  keep  his  experiment  a secret 

c.  not  take  the  time  to  put  his  findings  in  writing 

6.  If  a scientist  does  an  experiment  and  does  not  find  the  right  answer  to  his 
question  he  is  likely  to 

a.  do  the  experiment  only  one  more  time 

b.  continue  to  experiment  and  keep  trying  to  find  the  answer  he  is 
seeking 

c.  guess  the  correct  answer  and  write  about  it  in  a scientific  magazine 

7.  If  you  wish  to  become  a scientist  you  should 

a.  not  study  any  science  in  school 

b.  tell  your  teacher  that  science  will  not  help  you 

c.  continue  to  study  science  because  it  will  help  you  in  many  ways 


8.  Michael  Faraday  was  curious  about 

a.  stars 

b.  animals 

c.  electricity 

9.  Michael  Faraday's  work  led  to  the  invention  of  the 

a.  electric  generator 

b.  galvanometer 

c.  magnet 

10.  When  a well-known  scientist  makes  an  important  discovery  and  tells  about 
it  in  scientific  papers,  other  scientists 

a.  assume  the  answer  is  correct 

b.  check  the  discovery  to  see  if  it  is  right 

c.  become  angry  because  they  did  not  make  the  discovery  first 

11.  Scientists  are  curious  about 

a.  things  that  will  make  money  for  them 

b.  only  the  sky,  plants,  animals  and  causes  of  sickness 

c.  the  world  around  them 

12.  The  many  discoveries  that  scientists  made  a long  time  ago 

a.  are  not  important  because  the  scientists  did  not  know  much 

b.  serve  as  the  basis  for  the  scientific  discoveries  of  today 

c.  are  not  very  helpful  to  the  world  today 

13.  You  should  ask  questions  about  things  because 

a.  adults  will  think  you  are  smart 

b.  it  is  easier  to  ask  someone  a question  than  it  is  to  go  to  the  library 
for  your  source 

c.  good  questions  help  you  to  find  out  things  that  are  important  to 
know 

14.  Babies  are 

a.  not  curious 

b.  learning  something  every  day 

c.  too  young  to  learn  anything 

15.  We  read  about  men  like  Michael  Faraday  because 

a.  we  can  learn  from  their  experiments 

b.  we  like  to  laugh  at  their  mistakes 

c.  such  men  were  not  as  curious  as  scientists  are  today 


c 
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8. 


9. 


a 


10. 


b 


11. 


c 


12. 


b 


13. 


c 


14  ^ 


a 

15. 
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Fill  in  the  right  word  for  each  sentence. 


experiments  source  generator  galvanometer  discovery 

1.  A scientist  is  likely  to  do  many  experiments  ^g  ^as  found  the 

correct  answer. 

2.  A scientist  who  is  the  first  one  to  find  the  answer  to  a question  has  made  a 

discovery 

3.  A source  jg  anything  that  helps  you  to  find  answers  to  questions. 

4.  Michael  Faraday's  curiosity  about  magnetism  and  electricity  led  to  the 
invention  of  the  ge'^erator 

5.  A ^^g  ^gg^j  |^y  Michael  Faraday  to  find  a trace  of  electric 

current  when  he  moved  a magnet  in  and  out  of  a coil  of  wire. 

Unit  2:  The  Sky  Above 

Choose  the  best  answer  to  complete  each  statement. 

Write  the  letter  of  the  answer  in  the  space  at  the  right. 

1 . You  can  not  see  the  sun  at  night  because 

a.  the  sun  stops  shining  at  night 

b.  your  part  of  the  earth  is  turned  away  from  the  sun 

c.  the  earth  stops  turning  on  its  axis 

2.  The  earth's  orbit  is  in  the  shape  of 

a.  a circle 

b.  an  ellipse 

c.  a solar  system 

3.  The  sun  seems  to  be  our  brightest  star  because  it 

a.  reflects  the  light  of  the  moon 

b.  is  the  brightest  star  in  the  universe 

c.  is  the  closest  star  to  the  earth 

4.  In  the  daytime  you  can  not  see  the  stars  because 

a.  the  stars  stop  shining 

b.  the  sun's  light  is  so  bright 

c.  the  sky  is  dark 


4. 


5.  The  sun  and  its  nine  planets  make  up  our 

a.  universe 

b.  solar  system 

c.  Milky  Way  Galaxy 

6.  You  are  pulled  toward  the  middle  of  the  earth  by 

a.  an  orbit 

b.  gravity 

c.  an  axis 

7.  The  moon  orbits  the  earth  about  once  every 

a.  year 

b.  two  months 

c.  month 

8.  The  North  Star  is  part  of  the  constellation  called 

a.  Little  Dipper 

b.  The  Milky  Way 

c.  Big  Dipper 

9.  Copernicus  changed  man's  thinking  by 

a.  helping  to  discover  the  generator 

b.  saying  the  earth  makes  an  orbit  around  the  sun 

c.  saying  the  sun  is  the  brightest  star 

10.  A planetarium  is 

a.  a group  of  stars  in  the  sky 

b.  a place  where  the  ceiling  looks  like  the  sky  at  night 

c.  one  of  the  millions  of  galaxies  in  space 

11.  Satellites 

a.  make  orbits  around  bodies  in  space 

b.  pull  everything  toward  the  center  of  the  earth 

c.  were  used  by  Copernicus  to  study  the  earth 

12.  The  Milky  Way  is  a 

a.  planet 

b.  solar  system 

c.  galaxy 

13.  The  sun  and  its  nine  planets  are  part  of 

a.  the  Big  Dipper 

b.  The  Milky  Way 

c.  a constellation 


5. 


b 
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6. 


b 


7. 


c 


8. 


a 


9. 


b 


10. 


b 


11. 


a 


12. 


c 


13. 


b 


14.  Men  who  travel  in  spacecraft  attached  to  rockets  are  called 

a.  satellites 

b.  astronauts 

c.  ellipses 

15.  The  moon 

a.  gives  off  its  own  light 

b.  reflects  light  from  the  sun 

c.  shines  because  it  is  a star 


Fill  in  the  right  word  for  each  sentence. 
gases  telescopes  reflects  nine  universe 

1.  The  moon [greets — the  light  of  the  sun. 

2.  Stars  are  made  of  hot 

3.  All  galaxies  in  space  are  part  of  the  — 

4.  are  used  to  help  scientists  see  faraway  things  in  space. 

5.  There  are — — planets  that  orbit  the  sun. 


Unit  3:  Our  Planet  Earth 

Choose  the  best  answer  to  complete  each  statement. 

Write  the  letter  of  the  answer  in  the  space  at  the  right. 

1.  Man  has  lived  on  the  planet  earth  for 

a.  only  a few  years 

b.  more  than  a million  years 

c.  at  least  a hundred  years 

2.  Our  planet  earth 

a.  never  changes 

b.  changed  only  once  many  thousands  of  years  ago 

c.  changes  all  the  time 

3.  When  water  freezes,  the  ice  takes  up 

a.  less  room  than  the  water 

b.  more  room  than  the  water 

c.  the  same  amount  of  room  as  the  water 


4.  We  know  that  matter 

a.  never  changes 

b.  does  not  disappear 

c.  can  never  change  a great  deal 

5.  Chalk  is  made  from 

a.  snow  and  ice 

b.  soil  and  water 

c.  bodies  of  tiny  sea  animals 

6.  Air  is 

a.  not  matter 

b.  a gas 

c.  a solid 

7.  Under  the  crust  of  the  earth  is  the 

a.  outer  core 

b.  mantle 

c.  inner  core 

8.  Scientists  believe  that  the  inner  core  of  the  earth  is  made  up  of 

a.  a hot  liquid 

b.  rock 

c.  solid  nickel  and  iron 

9.  The  first  land  animals  to  live  on  the  earth  were 

a.  trilobites 

b.  algae  and  fish 

c.  scorpions  and  spiders 

10.  A frog  is 

a.  a reptile 

b.  an  amphibian 

c.  a mammal 

11.  The  bodies  of  reptiles  are  covered  with 

a.  skin 

b.  hair 

c.  scales 

12.  The  brains  of  the  Neanderthal  men 

a.  had  fewer  ridges  than  the  brains  of  other  animals 

b.  had  more  ridges  than  the  brains  of  other  animals 

c.  were  smaller  than  the  brains  of  all  other  animals 


4. 


b 
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c 


6. 


b 


c 

8. 


9. 


c 


10. 


b 


11.  — 


c 


12, 


b 


b 
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13.  Dinosaurs  were  large 

a.  mammals 

b.  reptiles 

c.  amphibians 

14.  Neanderthals  usually  lived  in 

a.  trees 

b.  caves 

c.  mud  houses 

15.  Louis  Agassiz  thought  there  had  been  a "great  ice  age"  because 

a.  Switzerland  was  so  cold  in  the  winter 

b.  he  saw  so  many  lakes  and  streams  in  Switzerland 

c.  he  saw  ridges  heaped  with  rocks  and  huge  boulders  standing  in  fields 

Fill  in  the  right  word  for  each  sentence. 

ice  age  warm  crust  amphibian  matter 

1.  All  things  are  made  of 

2.  Corals  live  in  — water. 

3.  The  outside  covering  all  around  the  earth  is  called  the — 

4.  An  aniphibian  animal  that  lives  part  of  its  life  in  water  and  part  of 

its  life  on  land. 

5.  Louis  Agassiz'  idea  of  a great  — [£^age — accepted  until  many  years 

after  his  death. 


Do  You  Remember?— Units  1,  2,  3 

Choose  the  best  answer  to  complete  each  statement. 

Write  the  letter  of  the  answer  In  the  space  at  the  right. 

1.  You  can  learn  more  about  the  world  and  yourself  by 

a.  not  asking  questions 

b.  being  curious 

c.  being  sloppy 

2.  When  you  are  looking  for  the  answer  to  a question  you  should 

a.  ask  a younger  boy 

b.  guess  the  answer 

c.  go  to  a good  source 


b 

14. 


c 

15. 


b 

1. 


c 


3.  When  a scientist  is  looking  for  the  answer  to  a question  he  may 

a.  do  experiments 

b.  write  down  the  answer  and  put  it  away 

c.  ask  the  first  person  he  sees  to  help  him  guess  the  answer 

4.  When  a scientist  makes  an  important  discovery  he  will 

a.  tell  only  a few  friends  about  it 

b.  write  a report  about  his  discovery 

c.  keep  his  discovery  a secret 

5.  If  a boy  in  your  classroom  wishes  to  find  out  about  what  a frog  eats,  he 
should 

a.  ask  another  boy 

b.  read  a comic  book 

c.  go  to  the  school  library  and  read  books  about  frogs 

6.  We  know  that  babies 

a.  are  never  curious 

b.  learn  something  almost  every  day 

c.  do  not  learn  because  they  are  too  young  to  go  to  a good  source 

7.  Michael  Faraday's  work  with  magnets  and  coils  of  wire  led  to  the  invention 
of  the 

a.  light  bulb 

b.  generator 

c.  galvanometer 

8.  The  orbits  of  planets  and  the  moon  are  in  the  shape  of 

a.  circles 

b.  a mantle 

c.  ellipses 

9.  Stars  can  not  be  seen  during  the  day  because 

a.  the  earth  stops  turning  on  its  axis 

b.  the  sun's  light  is  so  bright 

c.  the  stars  stop  shining 

10.  Copernicus  was  an  astronomer  who  found  that 

a.  the  earth  turns  on  its  axis  and  orbits  the  sun 

b.  the  sun  is  the  brightest  star  in  the  sky 

c.  the  North  Star  is  part  of  the  Little  Dipper  constellation 

11.  The  strong  pull  of  the  earth  is  called 

a.  gravity 

b.  an  orbit 


a 

3. 


^ b 


c 

5. 


6. 


b 


7. 


b 


c 

8. 


9. 


b 


10. 


a 


11. 


a 
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c.  an  axis 
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12.  An  instrument  that  makes  faraway  things  in  space  seem  closer  is  known  as  a 

a.  galvanometer 

b.  generator 

c.  telescope 

13.  The  moon  gives  off  light  because 

a.  it  is  a star 

b.  it  reflects  light  from  the  sun 

c.  it  is  a planet 

14.  All  galaxies  in  space  are  part  of 

a.  a constellation 

b.  the  solar  system 

c.  the  universe 

15.  Scientists  believe  that  the  earth 

a.  has  not  changed  a great  deal 

b.  changes  all  the  time 

c.  has  never  changed 

16.  When  water  freezes,  the  ice  takes  up 

a.  more  room  than  the  water 

b.  the  same  amount  of  room  as  the  water 

c.  less  room  than  the  water 

17.  Plants  and  animals  live  on  the  outside  covering  of  the  earth,  called  the 

a.  mantle 

b.  crust 

c.  outer  core 

18.  Matter  is 

a.  always  either  a gas  or  liquid 

b.  mostly  solid  nickel  and  iron 

c.  anything  that  takes  up  space 

19.  Matter 

a.  changes  but  does  not  disappear 

b.  disappears  as  the  earth  gets  older 

c.  never  changes  a great  deal 

20.  Scientists  believe  that  some  of  the  first  living  plants  were 

a.  sponges 

b.  trilobites 

c.  algae 


c 


13. 


b 


14. 


c 


15. 


b 


16. 


a 


17. 


c 

18. 


19. 


a 


c 

20. 


21. 


a 
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21.  Animals  whose  young  are  usually  born  live  and  whose  babies  get  milk 
from  their  mothers'  bodies  are 

a.  mammals 

b.  reptiles 

c.  amphibians 

22.  The  part  of  the  animal's  body  that  helps  the  animal  to  learn  is  the 

a.  mantle 

b.  scale 

c.  brain 

23.  An  animal  that  lives  part  of  its  life  in  water  and  part  on  land  is  called 

a.  a mammal 

b.  an  amphibian 

c.  a reptile 

24.  An  environment  is 

a.  a way  of  looking  for  an  answer  by  trying  things  out 

b.  the  shape  of  an  orbit 

c.  the  place  where  an  animal  lives 

25.  The  only  animal  that  can  adapt  to  many  different  environments  is 

a.  man 

b.  a scorpion 

c.  a sponge 


22. 


c 


24. 


c 


25. 


Fill  in  the  right  word  for  each  sentence. 
solar  system  matter  discovery  galaxy  gases 

1.  When  a scientist  is  the  first  to  find  an  answer  to  a question,  the  answer  is 
called  a discovery 

2.  The  sun  and  its  nine  planets  make  up  the solar  system 

3.  The  Milky  Way  is  a galaxy 

4.  Stars  are  made  of  hot  — 8???? — 

5.  


Matter 


is  anything  that  takes  up  space. 
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Unit  4:  How  Animals  Live 


Choose  the  best  answer  to  complete  each  statement. 
Write  the  letter  of  the  answer  in  the  space  at  the  right. 


1.  Animals  can 

a.  make  their  own  food 

b.  get  food  by  eating  green  plants  or  by  eating  other  animals  that  have 
eaten  green  plants 

c.  get  all  of  the  food  they  need  from  grass 

2.  All  plants  and  animals 

a.  can  grow  new  parts 

b.  are  made  up  of  cells 

c.  are  warm-blooded 

3.  A fish  is  a 

a.  reptile 

b.  warm-blooded  animal 

c.  cold-blooded  animal 

4.  A kangaroo  rat  is 

a.  adapted  to  living  in  the  desert 

b.  cold-blooded 

c.  found  in  trees 

5.  The  animal  that  can  live  well  near  the  tops  of  high  mountains  is  the 

a.  squirrel 

b.  mountain  goat 

c.  horse 

6.  Under  the  fur  of  a sea  lion  is  a 

a.  layer  of  muscle 

b.  thick  layer  of  fat 

c.  layer  of  water 

7.  The  mole  can  find  its  way  under  the  ground  by  using 

a.  its  big  eyes 

b.  the  hairs  on  its  tail  and  its  legs 

c.  its  ears 


1. 


b 


2. 


b 


3. 


c 


4. 


a 


5. 


b 


6. 


b 


b 


7.  


8.  To  stay  alive,  all  animals  must  have 

a.  oxygen 

b.  grass 

c.  soil 

9.  Aquatic  birds  live  in  an  environment  that  is 

a.  dry 

b.  wet 

c.  very  cold 

10.  A nocturnal  animal 

a.  sleeps  at  night 

b.  has  smaller  eyes  than  most  day  animals  of  the  same  size 

c.  moves  about  and  looks  for  food  at  night 

11.  A flamingo  builds  a 

a.  nest  in  trees 

b.  mud  nest 

c.  nest  from  moss  and  tree  branches 

12.  A doctor  who  treats  animals  is  called  a 

a.  veterinarian 

b.  curator 

c.  fennec 

13.  An  electric  eel 

a.  never  gives  off  electricity 

b.  can  not  live  in  an  aquarium 

c.  can  give  off  electricity 

14.  William  Beebe  knew  it  would  be  a problem  to  go  down  into  the  ocean 
more  than  a thousand  feet  because 

a.  no  one  had  the  courage  to  go  with  him 

b.  the  pressure  of  water  so  far  below  the  surface  can  crush  a man 

c.  the  water  would  be  very  hot  that  far  down 

15.  Deep  in  the  waters  of  the  ocean  William  Beebe  saw 

a.  animal  life  that  was  the  same  as  animal  life  at  the  surface  of  the  ocean 

b.  lots  of  light 

c.  very  unusual  animals 


a 
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8. 


9. 


b 


10. 


11. 


b 


12. 


a 


13. 


c 


14. 


b 


15. 


c 


Fill  in  the  right  word  for  each  sentence. 
cell  membrane  night  mosses  adapted  bathysphere 

1 . The  covering  around  an  animal  cell  is  called  a membrane — 

2.  Animals  must  be  — adapted  their  environment. 

3.  A nocturnal  animal  is  active  at — — 

4.  mosses  small  green  plants  that  grow  well  in  rocky  places. 

5.  William  Beebe  used  a ^thysphere the  ocean. 

Unit  5:  Your  Body's  Needs 

Choose  the  best  answer  to  complete  each  statement. 

Write  the  letter  of  the  answer  in  the  space  at  the  right. 

1 . A microscope  helps  scientists  to  see 

a.  things  way  out  in  space 

b.  very  small  things 

c.  how  warm  or  how  cold  something  is 

2.  Your  cells  get  energy  from 

a.  carbon  dioxide 

b.  muscles 

c.  the  food  you  eat 

3.  The  lower  right  side  of  your  heart  pumps  blood 

a.  to  the  lungs 

b.  to  the  stomach 

c.  all  over  the  body 

4.  Your  doctor  uses  a stethoscope  to 

a.  listen  to  your  heart  and  sounds  of  breathing 

b.  test  your  reflexes 

c.  see  if  his  hearing  is  good 

5.  Digestion  begins  when 

a.  food  enters  the  stomach 

b.  food  goes  from  the  stomach  to  the  intestines 

c.  food  enters  the  mouth 


6.  A boy  will  breathe  most  when  he 

a.  brushes  his  teeth 

b.  runs  a race 

c.  walks  to  school 

7.  Muscles  are  the  parts  of  your  body  that 

a.  help  to  hold  your  body  up 

b.  help  you  to  move 

c.  heJp  you  to  sleep 

8.  The  cells  that  cover  your  body  are 

a.  muscle  cells 

b.  bone  cells 

c.  skin  cells 

9.  All  energy  from  the  food  you  eat  comes  from 

a.  cows 

b.  grass 

c.  the  sun 

10.  Saliva  is  the  liquid  that 

a.  starts  digestion  in  the  mouth 

b.  causes  digestion  to  take  place  in  the  intestine 

c.  carries  digested  food  from  your  intestines 

11.  Oxygen  enters  your  body 

a.  through  digested  food  from  your  stomach 

b.  through  your  muscle  cells 

c.  in  the  air  that  you  breathe 

12.  William  Harvey  did  experiments  to  find  out 

a.  how  cells  are  alike 

b.  how  bone  cells  hold  up  your  body 

c.  how  the  heart  works  and  how  blood  flows  through  the  body 

13.  When  your  cells  use  food,  they  give  off  a waste  called 

a.  carbon  dioxide 

b.  oxygen 

c.  saliva 

14.  The  movement  of  blood  through  the  body  is  called 

a.  digestion 

b.  circulation 

c.  a reflex 


6. 


b 
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c 

8. 


9. 


c 


a 

10. 


c 

11. 


12 


a 

13. 


b 


14. 
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15. 


b 


15.  You  should  have  a medical  exam  each  year  because 

a.  all  the  other  children  have  one 

b.  it  is  important  to  take  care  of  your  body  to  prevent  disease 

c.  that  is  the  only  time  you  need  a doctor 


Fill  in  the  right  word  for  each  sentence. 
carbon  dioxide  oxygen  cells  reflex  heart 

1.  All  of  your  body  is  made  up  of 

2.  The  waste  your  cells  give  off  is  a gas  called  carbon  dioxide 

3.  A — ycflex — jg  g movement  over  which  you  have  no  control. 

4.  Your — — — keeps  your  blood  moving  through  your  body. 

5.  Blood  carries  — — to  the  cells  all  over  your  body. 


Unit  6:  Food  for  Life 

Choose  the  best  answer  to  complete  each  statement. 
Write  the  letter  of  the  answer  in  the  space  at  the  right. 

1.  A good  lunch  should  always  include 

a.  cake  and  soda 

b.  candy 

c.  milk 

2.  A food  that  has  much  protein  is 

a.  corn 

b.  meat 

c.  grapefruit 

3.  A food  rich  in  carbohydrates  is 

a.  cereal 

b.  fruit 

c.  fish 

4.  Sugar  is  a 

a.  protein 

b.  mineral 

c.  carbohydrate 


1. 


c 


2. 


b 


3. 


b 


4. 


c 


5.  You  should  eat  many  different  kinds  of  foods  because 

a.  the  different  colors  of  food  are  pretty 

b.  you  will  get  all  of  the  nutrients  you  need 

c.  it  will  make  your  parents  happy 

6.  You  need  many  different  vitamins 

a.  to  stay  healthy 

b.  to  take  the  place  of  food 

c.  to  help  you  digest  your  milk 

7.  Minerals  help 

a.  sweets  taste  better 

b.  bones  and  teeth  to  grow  well 

c.  to  keep  you  from  getting  scurvy 

8.  Water  is  one  of  the 

a.  six  nutrients 

b.  proteins 

c.  four  nutrients 

9.  For  the  more  than  three  billion  people  on  earth, 

a.  there  is  always  plenty  of  food  for  everyone 

b.  there  is  a need  to  make  plans  for  more  food  and  fresh  water 

c.  there  is  only  food  for  those  in  the  United  States 

10.  Dr.  Joseph  Goldberger  found  the  cause  of 

a.  scurvy 

b.  pellagra 

c.  poor  soil 

11.  The  Food  and  Agriculture  Organization  of  the  United  Nations 

a.  found  a cure  for  pellagra 

b.  is  helping  people  to  find  ways  to  grow  more  and  better  food 

c.  did  experiments  with  rats  that  did  not  have  vitamin  Bi  in  their  food. 

12.  You  get  some  of  the  energy  you  need  when  you  eat  the  fat  in 

a.  butter 

b.  lettuce 

c.  apples 

1 3.  Many  people  cannot  get  enough  of  the  nutrient  called 

a.  protein 

b.  water 

c.  carbohydrate 


b 
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a 

6. 


7. 


b 


8. 


a 


9. 


b 


10. 


b 


11. 


b 


a 

12.  


a 


13. 
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14. 


14.  Pellagra  is  caused  by 

a.  a lack  of  certain  foods 

b.  germs 

c.  sick  rats 

15.  Fish  and  other  living  things  in  the  sea  have  much  15. 

a.  carbohydrate 

b.  fat 

c.  protein 


Fill  in  the  right  word  for  each  sentence. 
calcium  liquid  nutrients  scurvy  water 

1-  The  — gytnents — foods  help  you  to  grow  and  to  have  energy. 

2.  Water digest  and  carry  food  to  your  cells,  and  then  carry 

away  wastes. 

3.  The — — — — in  milk  helps  to  grow  hard  and  strong  bones  and  teeth. 

4.  Your  blood  is  a 

5.  Many  sailors  who  had  no  fruits  to  eat  on  long  trips  gnt  scurvy 

Do  You  Remember?  — Units  4,  5,  6 

Choose  the  best  answer  to  complete  each  statement. 

Write  the  letter  of  the  answer  in  the  space  at  the  right. 

1.  All  plants  and  animals  1. 

a.  can  grow  new  parts 

b.  are  warm-blooded 

c.  are  made  up  of  cells 

2.  The  nutrients  that  give  your  cells  energy  are  2. 

a.  fats  and  carbohydrates 

b.  proteins  and  minerals 

c.  water  and  minerals 

3.  Oxygen  is  carried  from  the  lungs  to  the  cells  by  3. 

a.  blood 

b.  saliva 

c.  muscles 


4.  The  body  temperatures  of  cold-blooded  animals 

a.  change  as  the  temperatures  of  their  environments  change 

b.  always  stay  about  the  same 

c.  are  always  cold 

5.  Aquatic  birds  are  adapted  to  an  environment  that  is 

a.  wet 

b.  very  cold 

c.  dry 

6.  Animals  that  move  about  and  look  for  food  at  night  are  called 

a.  amphibians 

b.  reptiles 

c.  nocturnal 

7.  A doctor  who  treats  animals  is  a 

a.  curator 

b.  veterinarian 

c.  photographer 

8.  The  cells  that  help  your  body  to  move  are  called 

a.  skin  cells 

b.  muscle  cells 

c.  germs 

9.  A microscope  helps  scientists  to 

a.  test  reflexes 

b.  see  very  small  things 

c.  listen  to  your  heart  and  sounds  of  breathing 

10.  William  Beebe  was  a scientist  who  studied 

a.  the  heart  and  circulation  of  blood  through  the  body 

b.  the  animals  and  plants  that  grow  near  the  tops  of  mountains 

c.  the  world  of  living  things  deep  in  the  waters  of  the  oceans 

11.  A liquid  that  comes  into  your  mouth  when  you  eat  is  called 

a.  saliva 

b.  oxygen 

c.  carbon  dioxide 

12.  William  Harvey  did  experiments  to  learn  about 

a.  the  ways  in  which  cells  are  alike 

b.  the  circulation  of  the  blood 

c.  the  air  that  you  breathe 


4. 


a 
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5. 


a 


6. 


c 


7. 


9. 


b 


10. 


c 


a 

11. 


b 


12. 
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13. 


b 


13.  A movement  over  which  you  have  no  control  is  called 

a.  digestion 

b.  a reflex 

c.  circulation 

14.  A food  that  is  rich  in  protein  is 

a.  sugar 

b.  corn 

c.  fish 

15.  Water  is 

a.  a protein 

b.  one  of  the  six  nutrients 

c.  a carbohydrate 

16.  Oxygen  is  carried  to  the  cells  of  your  body  by 

a.  carbon  dioxide 

b.  blood 

c.  nutrients 

17.  A mineral  that  makes  your  bonesand  teeth  strong  iscalled 

a.  protein 

b.  fat 

c.  calcium 

18.  Joseph  Goldberger 

a.  was  an  astronomer 

b.  is  the  scientist  who  discovered  that  a moving  magnet  can  produce 
an  electric  current  in  a wire 

c.  proved  that  pellagra  is  caused  by  a lack  of  certain  foods 

19.  A tube  that  carries  blood  back  to  the  heart  is  called  a 

a.  vein 

b.  artery 

c.  nutrient 

20.  You  need  many  different  vitamins 

a.  to  take  the  place  of  food 

b.  to  make  sweets  taste  better 

c.  to  stay  healthy 

21.  Pellagra  is  caused  by 

a.  germs 

b.  sick  rats 

c.  a lack  of  certain  foods 


14. 


c 


15. 


b 


16. 


b 


17. 


c 


18. 


c 


19. 


a 


c 

20. 


21. 


c 


22. 


b 
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22.  For  the  more  than  three  billion  people  on  earth, 

a.  there  is  only  food  for  those  in  the  United  States 

b.  there  is  a need  to  make  plans  for  more  food  and  fresh  water 

c.  there  is  plenty  of  food  for  all 

23.  The  Food  and  Agriculture  Organization  of  the  United  Nations 

a.  is  helping  people  to  finrl  ways  to  grow  more  and  better  food 

b.  found  a cure  for  scurvy 

c.  did  experiments  with  rats  that  lacked  vitamins  in  their  food 

24.  Animals 

a.  make  their  own  food 

b.  get  all  their  food  from  grass 

c.  get  food  by  eating  green  plants,  and  animals  that  eat  green  plants 

25.  The  covering  around  the  cell  membrane  in  a plant  cell  is  called 

a.  an  ellipse 

b.  a cell  wall 

c.  the  mantle 


23. 


24. 


c 


25. 


b 


Fill  in  the  right  word  for  each  sentence. 
carbon  dioxide  food  digestion  adapted  circulation 

1.  Animals  are — — to  live  in  certain  environments. 

2.  Your  cells  get  energy  to  do  work  from  — ^22^ 

3.  When  cells  use  food,  they  give  off  a waste  called  — carbon  dioxide 

4.  — Pjgestion begins  when  food  enters  the  mouth. 

5.  — Circulation — movement  of  blood  through  the  body. 
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16th  St,  N.W.,  Washington,  D.C.,  20036 

National  Science  Teachers  Association,  1201  16th  St., 
N.W.,  Washington,  D.C.,  20006 

Thomas  Nelson  & Sons,  18  East  41st  St.,  New  York, 
N.Y.,  10017 

The  New  American  Library  of  World  Literature,  Inc., 
501  Madison  Ave.,  New  York,  N.Y.,  10022 

New  York  Graphic  Society,  95  East  Putnam  Ave., 
Greenwich,  Conn.,  06830 

Oxford  University  Press,  417  Fifth  Ave.,  New  York,  N.Y., 
10016 

Pantheon  Books,  Inc.,  22  East  51st  St,  New  York,  N.Y., 
10022 

Frederick  A.  Praeger,  Inc.,  Ill  Fourth  Ave.,  New  York, 
N.Y.,  10003 

Prentice-Hall,  Inc.,  Route  9W,  Englewood  Cliffs,  N.j., 
07631 

G.  P.  Putnam's  Sons,  200  Madison  Ave.,  New  York, 
N.Y.,  10016 

Rand  McNally  & Co.,  Box  7600,  Chicago,  III.,  60680 
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Random  House,  Inc.,  457  Madison  Ave.,  New  York, 
N.Y.,  10022 

John  F.  Rider  Publisher,  Inc.,  116  West  14th  St.,  New 
York,  N.Y.,  10011 

Ronald  Press  Co.,  15  East  26th  St.,  New  York,  N.Y., 
10010 

Roy  Publishers,  30  East  74th  St.,  New  York,  N.Y.,  10021 

St.  Martin's  Press,  175  Eifth  Ave.,  New  York,  N.Y.,  10010 

Scholastic  Magazines,  902  Sylvan  Ave.,  Englewood 
Cliffs,  N.J.,  17631 

Science  Service,  Inc.,  1719  N St.,  N.W.,  Washington, 
D.C.,  20006 

William  R.  Scott,  Inc.,  8 West  13th  St.,  New  York,  N.Y., 
10011 

Scott,  Foresman  and  Co.,  433  E.  Erie  St.,  Chicago,  III. 

Charles  Scribner's  Sons,  597  Fifth  Ave.,  New  York, 
N.Y.,  10017 

Shorewood  Publishing  Co.,  Inc.,  304  East  45th  St.,  New 
York,  N.Y.,  10017 

Silver  Burdett  Co.,  Columbia  Rd.  and  Park  Ave., 
Morristown,  N.j.,  07960 

Simon  and  Schuster,  Inc.,  630  Fifth  Ave.,  New  York, 
N.Y.,  10020 


L.  W.  Singer  Co.,  Inc.,  249-259  West  Erie  Blvd., 
Syracuse,  N.Y.,  13202 

Spencer  Press,  Inc.,  179  North  Michigan  Ave.,  Chicago, 

III.,  60601 

Sterling  Publishing  Co.,  Inc.,  419  Fourth  Ave.,  New 
York,  N.Y.,  10016 

University  of  Chicago  Press,  5750  Ellis  Ave.,  Chicago, 

III.,  60637 

University  of  Michigan  Press,  615  East  University, 

Ann  Arbor,  Mich.,  48103 

University  of  Minnesota  Press,  2307  University  Ave., 
S.^.,  Minneapolis,  Minn.,  55414 

D.  Van  Nostrand  Co.,  Inc.,  120  Alexander  St., 
Princeton,  N.j.,  08540 

Viking  Press,  625  Madison  Ave.,  New  York,  N.Y.,  10022 

Franklin  Watts,  Inc.,  575  Lexington  Ave.,  New  York, 
N.Y.,  10022 

Albert  Whitman  & Co.,  560  West  Lake  St.,  Chicago, 

III.,  60606 

H.  W.  Wilson  Co.,  950  University  Ave.,  New  York, 
N.Y.,  10052 

World  Publishing  Co.,  119  West  57th  St.,  New  York, 
N.Y.,  10019 


Directory  of  Film  and  Filmstrip  Sources 


1.  GUIDES 

Audio-Visual  Communication  Review,  published  bi- 
monthly by  the  Department  of  Audio-Visual  In- 
struction, Washington,  D.C. 

Blue  Book  of  Audio-Visual  Materials  (annual).  Educa- 
tional Screen,  Inc.,  64  E.  Lake  St.,  Chicago,  III. 

A Directory  of  16mm  Film  Libraries,  U.S.  Department  of 
Health,  Education  and  Welfare;  U.S.  Government 
Printing  Office,  Washington,  D.C. 

Education  Film  Guide  (annual).  The  H.  W.  Wilson  Co., 
950  University  Ave.,  New  York,  N.Y. 

Educators  Guide  to  Free  Films  (annual).  Educators  Prog- 
ress Service,  Randolph,  Wise. 


Filmstrip  Guide  (annual).  The  H.  W.  Wilson  Co.,  950 
University  Ave.,  New  York,  N.Y. 

Modern  Index  and  Guide  to  Free  Educational  Films 
from  Industry  (annual).  Modern  Talking  Picture 
Service,  Inc.,  3 E.  54th  St.,  New  York,  N.Y. 

U.S.  Government  Films  for  Public  Educational  Use, 
1955,  Office  of  Education,  U.S.  Department  of 
Health,  Education  and  Welfare;  U.S.  Government 
Printing  Office,  Washington,  D.C. 

U.S.  Government  Films  for  Schools  and  Colleges  (an- 
nual), United  World  Films  Inc.,  1445  Park  Ave., 
New  York,  N.Y. 
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2.  DISTRIBUTORS  OF  AUDIO-VISUAL  AIDS 

American  Cancer  Society,  Inc.,  521  W.  57th  St,  New 
York,  N.Y. 

American  Heart  Association,  Inc.,  Film  Library,  44  E. 
23rd  St,  New  York,  N.Y.  (Films  also  available  from 
local  heart  associations.) 

American  Museum  of  Natural  History,  Slide  Library, 
Central  Park  West  at  79th  St,  New  York,  N.Y. 

American  Red  Cross  (Contact  nearest  American  Red 
Cross  chapter.) 

Association  Films,  Inc.,  347  Madison  Ave.,  New  York, 
N.Y.  (Branch  offices  in  Ridgefield,  N.J.;  Dallas, 
Tex.;  San  Francisco,  Calif.;  La  Grange,  III.) 

Bell  Telephone  System  (Contact  local  Bell  Telephone 
Co.  offices  for  address  of  regional  distributor;  or 
contact  the  American  Telephone  and  Telegraph 
Co.,  Motion  Picture  Section,  195  Broadway,  New 
York,  N.Y.) 

Blackhawk  Films,  1235  W.  5th  St,  Davenport,  la. 

Better  Vision  Institute,  Inc.,  230  Park  Ave.,  New  York, 
N.Y. 

University  of  California,  University  Extension,  Educa- 
tional Film  Sales  Dept,  Los  Angeles,  Calif. 

University  of  Southern  California,  Audio-Visual  Serv- 
ices, Dept  of  Cinema;  University  Park,  Los  An- 
geles, Calif. 

National  Film  Board  of  Canada,  680  Fifth  Ave.,  Suite 
819,  New  York,  N.Y. 

Carousel  Films,  Inc.,  1501  Broadway,  New  York,  N.Y. 

Churchill-Wexler  Film  Productions,  801  N.  Seward  St., 
Los  Angeles,  Calif. 

Coronet  Instructional  Films,  65  E.  South  Water  St, 
Chicago,  III. 

DeKalb  Agricultural  Assn.,  Inc.,  Educational  Dept, 
310  N.  5th  St,  DeKalb,  III. 

Walt  Disney  Productions,  Educational  Film  Div.,  500 
S.  Buena  Vista  Ave.,  Burbank,  Calif.  (Branch  office 
in  New  York,  N.Y.) 

E.  I.  duPont  de  Nemours  & Co.,  Inc.,  Motion  Picture 
Distribution,  Advertising  Dept,  Wilmington,  Del. 


Encyclopaedia  Britannica  Films,  1150  Wilmette  Ave., 
Wilmette,  III.  (Branch  offices  in  Hollywood,  Calif.; 
Atlanta,  Ca.;  Skokie,  III.;  New  York,  N.Y.;  Dallas, 
Tex.;  Toronto,  Ontario,  Canada.) 

Educational  Testing  Service,  20  Nassau  St,  Princeton, 
N.J.  (Branch  office  in  Los  Angeles,  Calif.) 

Film  Associates  of  California,  11014  Santa  Monica  Blvd., 
Los  Angeles,  Calif. 

Handel  Film  Corp.,  6926  Melrose  Ave.,  Los  Angeles, 
Calif. 

International  Film  Bureau,  Inc.,  57  E.  Jackson  Blvd., 
Chicago,  III.  (Branch  office  in  Ottawa,  Ontario, 
Canada.) 

Indiana  University,  Audio-Visual  Center,  Bloomington, 
Ind. 

Life  Magazine  Filmstrip  Div.,  Time  and  Life  Bldg., 
Rockefeller  Center,  New  York,  N.Y. 

McGraw-Hill  Book  Company,  Inc.,  Text-Film  Dept., 
330  W.  42nd  St,  New  York,  N.Y. 

Michigan  Dept  of  Conservation,  Film  Loan  Service, 
Lansing,  Mich. 

Michigan  State  University,  Co-operative  Extension 
Service.  Agricultural  Hall,  Room  10,  East  Lansing, 
Mich. 

University  of  Minnesota,  Audio-Visual  Education  Serv- 
ice, Westbrook  Hall,  Minneapolis,  Minn. 

Metropolitan  Life  Insurance  Company,  1 Madison  Ave., 
New  York,  N.Y.  (Offices  in  San  Francisco,  Calif, 
and  Ottawa,  Ontario,  Canada.) 

Missouri  Conservation  Commission,  Film  Loan  Library, 
Monroe  Bldg.,  Jefferson  City,  Mo. 

Modern  Talking  Picture  Service,  Inc.,  Headquarters 
Office,  3 E.  54th  St,  New  York,  N.Y.  (Film  libraries 
in  other  cities  throughout  the  U.S.,  including  An- 
chorage, Alaska,  and  Honolulu,  Hawaii.) 

University  of  Nebraska,  Bureau  of  Audio-Visual  Aids, 
Extension  Div.,  Lincoln,  Nebr. 

NET  Film  Service,  Audio-Visual  Center,  Indiana  Uni- 
versity, Bloomington,  Indiana 

The  National  Foundation,  Public  Information  Dept, 
800  Second  Ave.,  New  York,  N.Y. 
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National  Tuberculosis  Assn.,  1790  Broadway,  New 
York,  N.Y.  (Films  loaned  through  state  and  local 
tuberculosis  associations.) 

State  University  of  New  York,  College  of  Forestry  at 
Syracuse  University,  Dept,  of  Forest  Extension, 
Syracuse,  N.Y. 

Ohio  Division  of  Wildlife,  Dept,  of  Natural  Resources, 
1500  Dublin  Rd.,  Columbus,  Ohio 

Oregon  State  System  of  Higher  Education,  Dept,  of 
Visual  Instruction,  General  Extension  Division,  131 
Coliseum,  Corvallis,  Ore. 

Pennsylvania  State  University,  Audio-Visual  Aids  Li- 
brary, University  Park,  Pa. 


Shell  Oil  Co.,  Public  Relations  Dept.,  50  W.  50th  St., 
New  York,  N.Y. 

Sterling  Movies  U.S.A.,  100  W.  Monroe  St.,  Chicago,  III. 
U.S.  Forest  Service,  Dept,  of  Interior,  Washington  25, 
D.C.  (Contact  film  library  of  your  state  university 
extension  division  or  regional  office  of  the  U.S. 
Forest  Service.) 

United  World  Films,  Inc.,  1445  Park  Ave.,  New  York, 
N.Y.  (Branch  offices  in  Los  Angeles,  Calif.;  Miami, 
Fla.;  Atlanta,  Ga.;  Ghicago,  III.;  Portland,  Ore.; 
Dallas,  Tex.) 

World  Wide  Pictures,  P.O.  Box  1055,  Sherman  Oaks, 
Calif. 


Directory  of  Science  Materials  Supply  Houses 


American  Electronic  Laboratories,  Inc.,  121  N.  75th  St., 
Philadelphia,  Pa. 

American  Hospital  Supply  Corp.,  40-05  168th  St., 
Flushing,  Queens,  N.Y.;  or  Evanston,  III.  (blood- 
typing serums,  standard  supplies) 

American  Optical  Co.,  Buffalo,  N.Y.  (optical  instru- 
ments) 

American  Type  Culture  Collection,  2112  M St.,  N.W., 
Washington,  D.C.  (bacteria) 

Bausch  & Lomb  Optical  Co.,  635  St.  Paul  St.,  Rochester, 
N.Y.  (optical  instruments) 

James  G.  Biddle  Co.,  1316  Arch  St.,  Philadelphia,  Pa. 
(scientific  instruments) 

Biological  Research  Products  Co.,  243  W.  Root  St., 
Stockyards  Station,  Chicago,  III.  (fresh  and  pre- 
served mammalian  specimens  and  organs) 

Burgess  Battery  Co.,  Freeport,  III.  (dry  cells) 

California  Biological  Service,  1612  W.  Glenoaks  Blvd., 
Glendale,  Calif. 

California  Botanical  Materials  Co.,  861  E.  Columbia 
Ave.,  Pomona,  Calif. 

Cambosco  Scientific  Co.,  37  Antwerp  St.,  Brighton, 
Mass. 


Carolina  Biological  Supply  Co.,  Elon  College,  N.C. 
Central  Scientific  Co.,  1700  W.  Irving  Park  Rd.,  Chicago, 
III. 

Chemical  Rubber  Co.,  2310  Superior  Ave.,  Cleveland, 
Ohio 

Corning  Glass  Works,  Corning,  N.Y.  (glassware) 
Denoyer-Geppert  Co.,  5235  Ravenswood  Ave.,  Chi- 
cago, III.  (models,  charts,  slides,  microscopes) 
Difco  Laboratories,  Inc.,  920  Henry  St.,  Detroit  1,  Mich- 
igan (reagents,  culture  media) 

Dow  Chemical  Co.,  Midland,  Mich,  (chemicals) 
Eastman  Kodak  Co.,  343  State  St.,  Rochester,  N.Y.  (pho- 
tographic supplies  and  equipment) 

Edmond  Scientific  Co.,  99  E.  Gloucester  Pike,  Barring- 
ton, N.J.  (scientific  instruments) 

Fisher  Scientific  Go.,  Forbes  Ave.,  Pittsburgh,  Pa.  (chem- 
icals, laboratory  appliances) 

General  Biochemicals,  Inc.,  677  Laboratory  Park,  Cha- 
grin Falls,  Ohio  (chemicals) 

General  Biological  Supply  House,  Inc.  (Turtox),  8200 
S.  Hoyne  Ave.,  Chicago,  III. 

Graf-Apsco  Co.,  5868  Broadway,  Chicago,  III.  (micro- 
scopes) 
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Kimble  Glass,  P.O.  Box  1035,  Toledo,  Ohio  (glassware) 

Lederle  Laboratories,  Div.  of  American  Cyanamid  Co., 
Middletown  Rd.,  Pearl  River,  N.Y.  (chemicals) 

E.  Leitz,  Inc.,  468  Park  Ave.,  New  York,  N.Y.  (optical 
instruments) 

Los  Angeles  Biological  Laboratory,  Woods  Hole,  Mass, 
(living  and  preserved  materials) 

Merck  & Co.,  Inc.,  126  E.  Lincoln  Ave.,  Rahway,  N.J. 
(chemicals) 

Monsanto  Chemical  Co.,  1700  S.  Second  St.,  St.  Louis, 
Mo.  (chemicals) 

National  Biological  Supply  Co.,  Inc.,  230  W.  Superior 
St.,  Chicago,  III. 

National  Instruments  Laboratories,  Inc.,  828  Evarts  St., 
N.E.,  Washington,  D.C. 

New  York  Scientific  Supply  Co.,  Inc.,  28  W.  30th  St., 
New  York,  N.Y. 

Nutritional  Biochemicals  Corp.,  21010  Miles  Ave., 
Cleveland,  Ohio  (chemicals) 

A.  J.  Nystrom  & Co.,  Inc.,  3333  Elston  Ave.,  Chicago, 
III.  (charts,  models) 


Research  Scientific  Supplies,  Inc.,  69  W.  23rd  St.,  New 
York,  N.Y.  (microscopes,  microslides,  stains) 

E.  H.  Sargent  and  Co.,  4647  W.  Foster  Ave.,  Chicago,  III. 

E.  H.  Sheldon  Equipment  Co.,  101  Park  Ave.,  Rm.  538, 
New  York,  N.Y.  (laboratory  furniture) 

Spitz  Laboratories,  Yorklyn,  Dela.  (shadowboxes,  plas- 
teria) 

Sprague-Dawley,  Inc.,  P.O.  Box  2071,  Madison,  Wise, 
(laboratory  rats) 

Standard  Scientific  Supply  Corp.,  808  Broadway,  New 
York,  N.Y. 

Testa  Manufacturing  Co.,  418  S.  Pecan  St.,  Los  Angeles, 
Calif,  (microscopes) 

Triarch  Botanical  Products,  Ripon,  Wise,  (botanical  mi- 
croslides) 

United  Scientific,  Inc.,  66  Needham,  Newton,  Mass, 
(optical  instruments) 

Wards  Natural  Science  Establishment,  Inc.,  P.O.  Box 
1712,  Rochester,  N.Y. 

Welch  Scientific  Co.,  1515  Sedgwick  St.,  Chicago,  III. 
(scientific  apparatus) 
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SOME  OF  THE  SPECIAL  FEATURES  YOU'LL  FIND  IN 

SCIENCE  FOR  TOMORROW'S  WORLD, 


Picture  Stories 

Two  full-color  photographic  studies  in  BOOK  3 show  scientists  at  work  in 
today's  world.  More  than  just  attractive  picture  sequences,  they  contain  why 
and  how  information  and  give  the  pupils  a "behind  the  scenes"  knowledge  of; 

A Visit  to  a Zoo  and  an  Aquarium  (pages  128-143) 

A Medical  Checkup  (pages  174-183) 

Pathfinders  in  Science 

To  help  the  pupils  understand  science  as  a human  enterprise,  every  unit  in 
BOOK  3 includes  one  of  these  unique  sections.  Each  "Pathfinders  in  Science" 
gives  facts  about  its  subject's  life— with  emphasis  on  his  scientific  career— and 
spotlights  problems  he  faced  and  solved. 

Michael  Faraday  (see  pages  20  and  21)  discovers  that  magnetism  can 
produce  electricity. 

Nicolaus  Copernicus  (see  pages  52  and  53)  changes  man's  thinking  about 
the  universe. 

Louis  Agassiz  (see  pages  90  and  91)  believes  there  was  once  a great 
ice  age. 

William  Beebe  (see  pages  144  and  145)  explores  the  ocean  in  his 
bathysphere. 

William  Harvey  (see  pages  184  and  185)  studies  the  circulation  of  the 
blood. 

Joseph  Goldberger  (see  pages  216  and  217)  proves  that  a lack  of  certain 
foods  causes  pellagra. 

Active  learning  experiences 

Activities  throughout  the  text— called  "Using  the  Scientist's  Way"— involve  the 
pupils  in  experimentation,  observation,  demonstration,  discussion,  and  problem 
solving.  All  of  these  activities  require  only  simple,  inexpensive  equipment.  For 
each,  the  text  explains  exactly  what  will  be  needed  and  how  the  pupils  can  solve 
a problem  or  answer  a question.  Notice  that  neither  the  text  nor  the  illustration 
ever  "gives  away"  the  results.  (For  examples,  see  pages  43, 158,  and  206.) 

At  the  end  of  every  unit,  a "Using  What  You  Have  Learned"  section  gives  the 
pupils  more  opportunities  to  learn  the  methods  of  science  firsthand.  (See  pages 
22,  54,  92,  146, 186,  and  218.) 


BOOK  3: 


More  review  and  reinforcement  materials  than  any 

other  third-grade  science  textbook 

SCIENCE  FOR  TOMORROW'S  WORLD,  BOOK  3,  aims  at  getting  facts  and 
concepts  into  every  pupil's  head.  It  aims  at  understanding,  not  memorization. 

After  every  unit,  the  "What  You  Know  About " (fill  in  unit  title)  pages 

provide  a summary  of  the  learnings  in  the  unit,  a checklist  of  science  words,  and 
objective  tests.  (See  pages  24,  56,  94,  148,  188,  and  220.)  Then  the  "You  Can 

Learn  More  About " pages  offer  a variety  of  reinforcement  activities  that 

include  projects  and  up-to-date  lists  of  supplementary  science  books.  (See  pages 
26,  58,  96,  150,  190,  and  222.) 

"Do  You  Remember?"  is  a unique  summary  section,  which  appears  in  the 
middle  of  the  text  (page  98)  and  again  at  the  end  (page  224).  Far  more  than  a 
mere  re-telling  of  the  facts,  this  section  pulls  together  specific  concepts  and 
points  in  the  direction  of  the  Key  Concepts  that  reflect  the  whole  underlying 
structure  of  science. 

Meaningful  illustrations— no  "frills" 

SCIENCE  FOR  TOMORROW'S  WORLD,  BOOK  3,  is  illustrated  in  four  colors 
throughout.  And  all  of  the  illustrations— drawings,  photographs,  diagrams— are 
scientifically  accurate  and  directly  related  to  the  discussions  and  activities  in  the 
text.  See,  for  example,  how  the  following  topics  are  clarified  by  illustrations; 

The  sky— Drawings  on  pages  30,  31, 33,  35,  38, 46, 51,  and  53 
Photographs  on  pages  29,  34, 48, 49,  and  50 
Diagrammatic  drawings  on  pages  32,  36,  38,  40,  41,  47,  52,  and  53 
Illustrations  of  activities  on  pages  37,  39,  42,  43,  44,  45,  54,  55,  56,  and  57 
How  the  earth  changes— Drawings  on  pages  62  and  63 
Photographs  on  pages  64,  65,  and  69 
Illustrations  of  activities  on  pages  66  and  67 
What  your  body's  needs  are —Drawings  on  pages  154,  167,  and  170 

Photographs  on  pages  155,  156,  175-182  (picture  story),  and  187 
Diagrammatic  drawings  on  pages  163,  165,  166,  169,  170,  172,  and  189 
Illustrations  of  activities  on  pages  157, 164, 168, 169, 173, 186, 190,  and  191 


IN  THE  BACK  OF  THE  TEXT  YOU  WILL  FIND: 

An  illustrated  "Dictionary  of  Science  Words"  A "Checklist  of  Science  Activities" 
A "Dictionary  of  Scientists"  The  Index 


